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Abstract 
The objective of this research was to survey a number of DNA samples from various 
organisms, using different primers, to detennine what differences exist between organisms 
relative to each primer. This survey would help to contribute infonnation for the following: 
1. Educational purposes. A student receiving an unknown DNA should be able to identify the 
organism to particular taxa. 
2. Determine the presence of PCR products from DNA and primers that would not typically be 
used together. That is, a survey of unconventional combinations. 
3. Dete1mine what differences exist between the snails, L. saxatalis and L. compressa using this 
paiiicular battery of primers. 
The results of this work indicate that: 
1) A student would be able to narrow the choices if given one of these 12 DNAs as an 
unknown and this paiiicular battery of primers. See Appendix D for an example. 
2) The Universal bacterial primers amplified some eukaryotic DNA. 
3) The human Alu primers amplified firefly and snail DNA as well as H. sapiens. 
4) The Universal animal primers amplified V fischeri DNA and were not truly universal 
with the 8 DNA samples used here. H. sapiens DNA was not amplified by these 
primers. The DNA that was amplified gave fragments that were of variable size and 
not equivalent to the positive control. 
5) The primers for the Histone 3 gene, one of the most highly conserved proteins, gave 
variable results and amplified DNA from V fischeri which does not contain histone 
proteins. 
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6) The Lux primers, specific for Vibrio fischeri amplified DNA from anothe
r 
bioluminescent organism, which was eukaryotic. 
7) The Mitocox primers, specific for mitochondrial cytochrome C oxidase 
of insects, 
worked for both prokaryotes as well as all of the eukaryotes in
 the survey. The major 
710 base pair fragment was present in all 12 organisms used a
nd variable minor bands 
were seen in three organisms. 
8) The Nrd primer, specific for the E. coli nucleotide reductase gene, prove
d to be 
specific for E. coli in this survey. This primer was used as a m
arker for colifom1 
contamination such as suspected with C. elegans. 
9) Additionally, L saxatalis and L. compressa do have a different fingerprin
t with these 
primers. These two snails have identical results with all the p
rimers except Alu and 
Analu. L. compressa is amplified with the Alu primer while L
. saxatalis is not. The 
Analu primer gives two bands for both DNAs, one of identica
l size and the other of a 
different length. 
All of the organisms tested are distinguishable from each othe
r when their PCR 
fingerprints are compared. Refer to Results and Appendix D
. 
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Introduction 
Classification is primarily driven by embryological, histological and 
morphological 
similarities. Eukaryotic taxonomy is phylogenetically accurate but s
ubtleties nevertheless exist 
that may only be uncovered by molecular techniques. Examples incl
ude some of the classic 
organisms studied under the heading of "convergent evolution". The
 ocotillo of southwestern 
United States appears morphologically the same as Madagascar's alla
uidia. Likewise, several of 
Australia's marsupials are morphologically similar to N. American m
ammals. The Tasmanian 
devil resembles the coyote, but they come from different evolutionar
y branches. 
Classical definitions of species may not apply to simpler organisms. 
Immobility and 
other restrictions could prevent two organisms from a successful mat
ing even if the potential 
exists. Morphological differences could then drive the classification
 for two separate species 
when in fact genetically they should have the same specific epitaph. 
Prokaryotic taxonomy is currently being rewritten from molecular fin
dings. The former 
classification was based on staining reactions, morphology, mobility,
 habitat, niche and 
biochemistry. Currently the genomic characteristics are driving the r
eclassification. 
This research attempted to survey various organisms using a battery 
of 7 PCR p1imers. 
The 12 DNAs used in this research are listed in Appendix A with their 
classification 
scheme. The primers and their characteristics are listed in Appendix B
. 
The polymerase chain reaction (PCR) is a powerful tool that allows for an amplificat
ion 
of a specific region of DNA. PCR is simply in vitro DNA replicatio
n with minor differences. 
Primers are DNA primers, not RNA primers. Consequently, primase
 and the Kornberg enzyme 
are not needed. The polymerase is typically obtained from a the1mop
hilic Archaebacterium. 
The polymerase does not denature at DNA denaturation temperatures
 above 90C and it has 
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optimal activity at 72C. This has a twofold advantage: Helicase is not needed because heat 
denaturation occurs and SSBs * are not needed because the polymerization is occurring at 72C 
and the DNA will not reaimeal. 
The amplification product is viewed on an Agarose gel where PCR fragments move in an 
electric field due to their negative charge and separate according to size. The amplification 
products of PCR are detected by ethidium bromide. Ethidium bromide intercalates into double 
stranded DNA and fluoresces under ultraviolet light. 
The specificity of PCR is a function of the primer sequence and annealing stringency, 
that is, the aimealing temperature. The question of tax on determination by PCR then becomes 
whether a battery of primers exists that give a species-specific fingerprint. 
The goal of this research was to survey several organisms and determine if finding a 
taxon specific fingerprint, not necessarily at the species level, was feasible. 
* SSBs are single stranded binding proteins that prevent unwound DNA from am1ealing, in vivo, 
during DNA replication. 
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Literature Review 
PCR is an acronym that means Polymerase Chain Reaction. Ken
y Mullis recognized 
PCR, one Friday night in April 1983, as he was driving in Norther
n California's Redwood 
country. Dr. Mullis was originally thinking of a modified Sanger
 sequencing method when the 
concept of PCR came to him. (23) 
PCR is an in vitro, primer dependent amplification of DNA. The
 power of the procedure 
resides in unlimited number of copies of a target sequence. 
Each PCR reaction has 3 phases. Phase 1 involves heating the D
NA to denature the 
strands. Typically, a temperature of 95C is used. Phase 2 involve
s cooling the sample to an 
am1ealing temperature. This phase defines the stringency of the r
eaction. A temperature of 37C 
is considered less stringent than 65C. At 37C nonspecific annealin
g could occur with 
mismatched base pairing. At 65C only the strongest base pairs ca
n form. Mismatched base 
pai1ing is alleviated and primers aimeal strictly to their sites. Pha
se 3 involves the 
polymerization of DNA. Typically a temperature of 72C is used 
due to the nature of the 
polymerase. Taq polymerase is the most common polymerase u
sed and it has an optimal 
reaction temperature of 72C. Polymerases from other thermophi
lic Archaebacteria are available. 
Pfu, Vent and Deep Vent polymerases have slightly different poly
merization temperatures. (24) 
Each successful cycle yields a doubling of the target sequence. T
he amplification can be 
described as 211 • Thirty cycles is co1mnon and can be completed i
n about 3 hours (depending on 
cycling parameters). Therefore, in about 4 hours a theoretical 2
30 copies of the target DNA can 
be visualized on a gel. The number is a rough approximation. Th
e first cycle results in variable-
length strands. That is, the amplification proceeds beyond the tar
get region. Therefore, the 
products of both cycles 1 and 2 contain variable-length strands. T
he products of cycles 3 - 30, 
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however, contain primer-defined length strands. The primer-defined length strands are amplified 
exponentially (211) whereas the variable-length strands are amplified aiithmetically (2 x 2 cycles 
x n cycles). The primer-defined length strands dilute out the variable-length strands. 
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Picture taken from web site http://www.accessexcellence.org/AB/GG/polymerase.html, a Genentech publication. 
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Cycling parameters are a function of the target sequence and the primers. 
The denaturing temperature is almost always 94C or 95C. The time for denaturation is 
dependent on the nature of the DNA being used. GC rich DNA might need longer times at 96C 
to completely denature. Typically, one minute is a sufficient denaturation time. 
The annealing time is typically one to two minutes. Stringent reactions allow for a longer 
time for primer annealing. The am1ealing temperature varies depending on the stringency of the 
reaction. The annealing temperature can typically range from low stringency of 37C to a high 
stringency of 65C. 
The polymerization time is dependent on the length of the target being amplified. Taq 
polymerase seems to amplify up to 1,000 - 1,500 base pair sequences. Larger sequences than 
1,500 are not amplified well by Taq. Taq "falls off' the DNA after 1,500 base pairs. The longer 
sequences require longer polymerization times. A 1,000 base pair fragment would need a 2-
minute polymerization time. A 100 base pair fragment would typically require 30 seconds. 
Most protocols call for 2 minutes to give ample time. The polymerization temperature when 
using Taq is 72C. This is Taq's optimal temperature. (24, 25) 
The application of PCR in identifying organisms has progressed rapidly in the field of 
microbiology. PCR is particularly useful in identifying slow growing organisms such as species 
ofMycobacterium. The procedure is a modification of that used by Valente. (30) Valente's 
method was able to differentiate M. tuberculosis-no avium complex from M avium complex and 
partial avium complex. 
E. coli and Vibrio were used to test the bactoribo primer and its claim to universality. 
The term universal primer is a relative tem1. The tenn could be relative to a Kingdom or another 
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taxonomic level. The conserved sequence within the 16S rRNA gene in prokaryotes is nearly 
universal for eubacteria. (15) 
Differentiation of species in the other 4 kingdoms has also been researched. The 
objective of the research has less of a diagnostic value than seen with species identification in 
prokaryotes. It is diagnostic with some cases of Fungi (4, 8), but generally is used as a 
phylogenetic tool with eukaryotes. (2, 17, 20) 
The use of PCR to study phylogenetics and ultimately speciation is not limited to 
genomic DNA in eukaryotes. Mitochondrial DNA is also a source in research. 
The mitochond1ial cytochrome C oxidase gene has been studied extensively. Two 
features exist that make the gene ideal: 
1. There exist sequences with some of the subunits that are highly conserved. 
2. Other sequences range from low through highly variable. 
The primer for a region of subunit I of the mitochondrial cytochrome C oxidase gene was 
used in this research. The primer was chosen because previous research had been done using the 
same primer in studying insects and other metazoan invertebrates. (1, 2) 
The use of PCR in studying human DNA has several purposes including the Human 
Genome project, phylogenetic studies, forensics, identification of genetic diseases, and 
identification of proviral DNA. (3, 6, 19, 22) 
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Materials and Methods 
A) DNA Preparation 
Escherichia coli was obtained from an in lab stock. Vibrio fischeri was obtained from the 
University of Wisconsin Lacrosse Laboratory. Chaos chaos, an amoeba and Caenorhabditis 
elegans were obtained from Wards Natural Science Incorporated. Littorina saxatalis and 
Littorina nigrolineata (compressa), both snails, were obtained from Dr. Delmont Smith. Dr. 
Smith obtained Littorina saxatalis from Maine and Littorina compressa from Britain. 
Saccharomyces cerevisiae, otherwise known as baker's yeast, was purchased from Sigma 
Corporation and W egmans supem1arket. The Sigma purchase provided the purified genomic 
DNA. The W egmans purchase provided the culture for chelex isolation. Mercenaria 
mercenaria, a cherry clam, was obtained from Wegmans. Phontinus sp. commonly known as a 
firefly or lightning bug, was captured at the barge canal in Holley, NY. Oncorhynchus sp., also 
known as salmon, DNA was obtained from Dr. Larry Kline's stock of Oncorhynchus spenn 
DNA. Ratticus norvecigus is the white lab rat and it was obtained from Dr. Stephen Chan's and 
Dr. Kathleen Moody's animal laboratory. Homo sapiens (human) DNA was obtained from the 
buccal cavity of JSK. 
DNA was isolated from Escherichia coli and Vibrio fischeri as described by J. Mannur 
(10). DNA was isolated from Homo sapiens, Ratticus norvecigus, Phontinus sp., Littorina 
saxatalis, Littorina nigrolineata (compressa), Mercenaria mercenaria, Caenorhabditis elegans, 
Saccharomyces cerevisiae and Chaos chaos in a modified procedure as described by Lench (11) 
and using chelex as described by Singer-Sam (26). Oncorhynchus sp. and Saccharomyces 
cerevisiae were purchased from Sigma Corporation. 
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Dr. Thomas Bonner provided the technique for separating C. elegans from the E. coli 
OP50 bacterial lawn that C. elegans is grown with. Dr. Kline provided the technique for crude 
mitochondrial DNA extraction based on the chelex method. 
Approximately 0.4 - 2.5 g of tissue was obtained fromL. saxatalis, L. compressa, S. 
cerevisiae, Mercenaria mercenaria, Phontinus and Ratticus norvecigus. Pellets of cells were 
obtained from C. chaos, C. elegqns and H sapiens. The C. elegans pellet was obtained by 
sedimentation of the nematode in a buret to separate from the OP50 E. coli that C. elegans is 
grown on. The tissue or. pellets were homogenized with a Dounce homogenizer or vortex and 
incubated with 500 µL of 10% Chelex (0.5 M Tris pH= 9.0) w/v at lGOC for 10 minutes. The 
samples were then placed on ice for 1 minute. The samples were then centrifuged at 12,000 rpm 
for 30 seconds. The supernatant was aliquoted and used for PCR. The DNA aliquots were kept 
frozen at -20C. 
Vibrio fischeri and Escherichia coli isolates were pelleted. The pellets were incubated 
with lysozyme in TES buffer. The solution was then incubated with proteinase K to destroy 
periplasmic nucleases. Twenty percent SDS was added to a final concentration of 1 % to . 
complete the lysis of the membrane. The lysed cells and fluid contents were centrifuged to pellet 
the cellular debris. The supernatant DNA was extracted and purified 3 times with phenol, -
phenol/chloroform/isoamyl alcohol and chloroform/isoamyl alcohol. Ethanol was used to 
precipitate, clean and dry the DNA. The DNA was dissolved in TE buffer and quantitated 
spectrophotometrically. A working solution of 0.1 ng/µL was diluted just prior to use. 
One µL, 5 µLand 25 µL of the Chelex DNA and of the 0.1 ng/µL purified DNA were 
used in the PCR reactions. Twenty-five microliters was an excessive am01mt in all cases. The 
three volumes of each were used initially in running the positive controls. Twenty-five 
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microliters (5X) never worked and was therefore not used in running the unknowns. One µL 
worked best for M. mercenaria and 5 ~tL worked best for the remainder of the chelex DNAs. 
B) PCR; Conditions and Parameters 
The polymerase chain reaction was performed following the general guidelines as 
dictated by Mullis and associates (12). Cycling parameters were primer specific and taken from 
the literature. The Alu primer cycling parameters used were those of Perna (22). A World Wide 
Web search tool described the Analu primer thermal cycle parameters. This search tool was 
explained by Altschul (13). The Bactoribo primer cycles were taken from Loughney (15). 
HHFl primer cycles were selected. These primer sequences came from a homology match 
between the S. cerevisiae and C. elegans histone 3 protein. The temperatures and times were 
based on the observation that universal and nonspecific primers usually have lower annealing 
temperatures and longer polymerization times. Data of the S. cerevisiae histone genes were 
taken from Feldman (14) and Andresson (8). The Lux primer criteria were taken from Winfrey 
(24). The Mitocox primer parameters used were taken from Fuhner and Lunt (1,2). The Nrd 
primer cycling criterion was described in Hartman's Laboratory Manual (16). 
Refer to Appendix B for primer sequences. 
Alu sequences are repeating sequences found in animal genomes and are considered a 
subcategory of SINES. SINES is an acronym for Short Interspersed Elements. These are 
repeating sequences originally found interspersed throughout the genome of p1imates. They are 
typically 180-300 base pairs long. The human genome contains more than 100,000 of these Alu 
repeats. The name Alu comes from the bacteria Arthrobacter luteus which synthesizes a four 
cutter restriction enzyme called Alul. The restriction enzyme recognizes AGACT which is also 
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found in the SINES of humans. The Alu primers anneal to a region within an intron of the tissue 
plasminogen activator gene on chromosome number 8. This region bracketed by the primers 
may contain a 300 base pair Alu insert. A 100 base pair :fragment is amplified if the insert is not 
present and a 400 base pair fragment is amplified if the inse1i is present. 
The Analu primer is specific for Alu sequences found in non-human animals. 
The Bactoribo primer am1eals to the 16S rRNA gene. There are highly conserved as well 
as variable regions within this gene. This primer sequence anneals to a highly conserved region 
and is considered a eubacterial universal primer. 
The HHFl primer anneals to a region within the Histone 3 gene. Histone 3 and histone 4 
proteins are highly conserved in eukaryotes. This histone primer anneals to a region that is 
homologous between the fungus S cerevisiae and the nematode C. elegans. 
The Lux primer anneals to the luxA gene of the lux operon. The lux operon codes for 
enzymes ofbioluminescence. LuxA is the catalytic subunit of the luciferase enzyme. 
The Mitocox primer aimeals to a conserved region of the cytochrome oxidase subunit I 
(COI) gene, also lmown as the cytochrome C oxidase subunit I gene. The mitochondrial 
cytochrome C oxidase enzyme is the terminal catalyst in the ETS. COI is the largest subunit 
(>500 amino acids) and encoded by the mitochondrial genome. The reaction centers such as the 
proton pumping and electron transpo1i regions are conserved. Mitocox am1eals to a conserved 
transmembrane helical code. 
The md gene codes for nucleotide reductase in E. coli. The de nova pathways for 
nucleoside synthesis result in ribonucleosides (with the exception of thymidine). 
Deoxyribonucleosides are synthesized from ribonucleosides catalyzed by the nucleotide 
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reductase enzyme. The enzyme is ubiquitous but the gene is not highly conserved. Indeed the 
enzyme in mammals uses a tyrosine radical whereas in some bacteria vitamin B12 is used. 
The concentration of buffer, Ml\ dNTPs, primers and Taq polymerase were taken from 
the literature as follows: 
Alu: Perna (22) 
Analu: Altschul (13). 
Bactoribo: Loughney (15). 
HHFl: Smith (8), Feldman (14) and Andresson (8). 
Lux: Winfrey (24). 
Mitocox: Fulmer and Lunt (1,2). 
Nrd: Hmiman (16). 
Table 1.0 lists all reaction conditions 
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Table 1.0: Concentrations and volumes of reactants per 50 uL PCR 
reaction 
Primer: Alu 
Positive control= Homo sapiens 
Conditions: 
DNA 
Primer mix (2.75 pmol/~LL ea) 
1 OX buffer/w Mg++ 
Mg++ (25 mM) 
dNTPs (5mM) 
Taq Polymerase 
dH20 
Primer: Analu 
5 ~LL 
5 ~LL 
5 µL 
1.0 ~LL 
2.25 µL 
0.3 µL 
31.45 ~LL 
Positive control= Ratticus norvecigus 
Conditions: 
DNA 
Primer mix(5 pmol/~LL each) 
1 OX buffer/w Mg I 1 
Mg++ (25 mM) 
dNTPs ( 5mM) 
Taq Polymerase 
dH20 
Primer: Bacribo 
5 ~LL 
5 ~LL 
5 ~LL 
5 µL 
2 ~LL 
0.3 ~LL 
27.7 µL 
Positive control = V. fischeri, E. coli 
Conditions: 
DNA 5 ~LL 
Primer mix (1.4 pmol/~LL each) 5 µL 
lOX buffer/w Mg++ 5 ~LL 
Mg++ (25 rnM) 2 ~LL 
dNTPs (5mM) 2 ~LL 
Taq Polymerase 0.3 µL 
dHzO 30.7 ~LL 
Primer: HHFl 
Positive control = Saccharomyces cerevisiae 
Conditions: 
DNA 5 ~LL 
Primer mix (2.5 pmol/~LL each) 5 ~LL 
1 OX buffer/w Mg++ 5 µL 
Mg++ (25 mM) 5 ~LL 
dNTPs ( 5mM) 2 ~LL 
Taq Polymerase 0.3 ~LL 
dH20 27.7 ~LL 
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Primer: Lux 
Positive control = Vibrio fischeri 
Conditions: 
DNA 5 ~LL 
Primer mix (1.4 pmol/~LL each) 5 ~LL 
1 OX buffer/w Mg++ 5 ~LL 
Mg++ (25 rnM) 5 ~LL 
dNTPs ( 5rnM) 2 ~LL 
Taq Polymerase 0.3 ~LL 
dH20 27.7 ~LL 
Primer: Mitocox 
Positive control= Mercenaria mercenaria 
Conditions: 
DNA 
Primer mix (5 pmol/~LL each) 
lOX buffer/w Mg++ 
Mg++(25 mM) 
dNTPs (5rnM) 
Taq Polymerase 
dH20 
Primer: Nrd 
Positive control = E. coli 
Conditions: 
DNA 
Primer mix (10 pmoll~LL each) 
lOX buffer/w Mg++ 
Mg++ (25 mM) 
dNTPs (5mM) 
Taq Polymerase 
dH20 
5 µL 
5 ~LL 
5 ~LL 
5 ~LL 
2 ~LL 
0.5 ~LL 
27.5 ~LL 
5 ~LL 
5 ~LL 
5 ~LL 
2 ~LL 
2 ~LL 
0.3 ~LL 
30.7 ~LL 
* 1 OX buffer: Tris: 
MgCh: 
0.1 M, pH= 8.3 
1.5 mM 
KCl: 0.5M 
Gelatin: 0.1 % 
To facilitate experimental procedures, master mixes were made th
at contained lOX 
buffer, dNTPs, Mg++, dH20 and Taq. Note that 3 experiments we
re initially perfo1med at 
different DNA concentrations. Chelex extractions were not quant
ified, therefore the PCR was 
run at 3 different DNA concentrations to determine the optimal [DNA]. The 
5X reaction did not 
work for the positive controls and was subsequently deleted from 
the remainder of the 
procedures. 
The 0.2X reactions were loaded with 44 µL of l.136X master mix
, 5 µL primer mix and 
1 µL DNA. The lX reactions were loaded with 40 µL of l .25X ma
ster mix 5 ~LL primer mix and 
5 µL DNA. The entire 50 ~LL was overlain with mineral oil to prev
ent loss due to boiling or 
evaporation at denaturation temperatures. 
The E. coli, V fischeri, Oncorhyncus and S. cerevisiae DNAs were diluted to 0.1 ng/~
LL 
just prior to adding 1 ~LL for the 0.2X and 5 ~LL for the lX. This dilution was discard
ed 
afte1wards. Fresh dilutions for the aforementioned DNAs were ne
cessary because highly dilute 
DNA tends to adsorb to the walls of the microfuge tubes. The che
lex DNAs were added 1 µL 
straight and 5 µL staight for the 0.2X and lX reactions respectively
. 
The PCR the1mal cycler parameters were also primer specific. Re
fer to Table 2.0 for 
thennal cycle times and temperatures. Modifications to the origin
al literature may have been 
made for optimization purposes. 
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Table 2.0: Primers with temperature and time conditions per cycle 
Primer 
Denature(0 C) Time(min) Anneal(0 C) Time(min) Polymerize(0 C) Time(min) Cycles 
Alu 94 1 58 2 72 2 30 
Analu 95 1 40 1 72 1.5 35 
Bactoribo 94 1 40 2 72 2 30 
HHFl 94 1 37 2 72 2 30 
Lux 94 1 55 1 72 1 30 
Mitocox 95 1 40 1 72 1.5 35 .l 
Nrd 94 1 68 2 72 2 30 
Each Primer was run with positive controls at the two concentrations (One microliter, 0.1 
ng and 5 ~LL, 0.5 ng DNA). The negative controls consisted of one tube with no Taq and one 
tube with no DNA. Additionally, The DNAs were diluted 1 µL: 50 µL Tris buffer: 5 ~LL loading 
buffer and visualized on a 2% agarose gel. This ensured the DNAs themselves weren't 
fragmented or digested and showing bands. Refer to Appendix E for pictures of these gels. 
The positive controls are listed in Table 3.0. The positive and negative controls were run 
for each set of reactions using a given master mix. 
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Table 3.0: Primers with positive control and expected fragment size 
Primer Positive control Fragment size 
Alu H. sapiens 
100/400 bp 
Analu R. norvecigus 4
50bp 
Bactoribo E.coli 8
00bp 
HIIFl S. cerevisiae 371 b
p 
Lux Vfischeri 700bp 
Mitocox M mercenary 
710 bp 
Nrd E. coli 
1200 bp 
C) Separation 
PCR :fragments were separated and visualized on a 2% agarose ge
l with ethidium 
bromide at a final concentration of 0.5 ~Lg/mL. Five micro liters of
 ethidium bromide (10 
mg/mL)/100 mL of Agarose was present in the 2% agarose to give a final concen
tration of 0.5 
~Lg/mL. The gel was photographed tln·ough a red filter using a tran
silluminator to cause ethidium 
bromide fluorescence. This was described by Sharp (18). 
Following the polymerase chain reaction, 5 µL of lOX loading buf
fer (marker dye) was 
added to each 50 ~LL reaction tube and pulsed to sediment through 
the oil. The marker dye 
contained xylene cyanol that migrated at 4-5 Kb and bromphenol b
lue that migrated at 0.1-0.3 
Kb. Ten microliters of the PCR product with marker dye was load
ed onto the 2% agarose gel 
and run at 100 volts for 1.5 hours. Ten microliters of 50 ng/µL "La
dder" was run with each gel. 
"Ladder" is a number of DNA :fragments that are consistent in the
ir size graduations. "Ladder" 
is used to generate an accurate size (log base pairs) versus migration distance gra
ph. 
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"Ladder" was a DNA marker purchased from Sigma Corporation with fragments of the 
following sizes: 
3147 bp 
2647 bp 
900 bp 
800 bp 
700 bp 
600bp 
500bp 
450bp 
400bp 
350 bp 
300bp 
250bp 
200bp 
150 bp 
100 bp 
50bp 
The Ladder was loaded into a separate lane, centrally located on the gel. The DNA was 
visualized under an UV transilluminator. A 1: 1 picture ( trne scale) was photographed of the gel. 
The fragments were measured by graphing log of base pairs of the ladder versus migration 
distance in millimeters. The slope and intercept were calculated and the unknown was 
detennined by taking the antilog of the calculated Y. Refer to Results section for graphs and 
calculations. 
D) Miscellaneous 
Confidence intervals of the regression lines were calculated as described by Zar (27). 
Refer to Appendix F for regression lines, confidence intervals and fragment size calculations. 
A confidence interval was calculated for the regression. The unknown bands were 
analyzed relative to their magnitude from the expected plus or minus the confidence interval. 
Refer to Appendix C for equations of the linear regression and confidence intervals. 
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Results 
Alu primer 
Refer to Appendix B for primer sequences. The Alu
 primers were incubated with Homo 
sapiens DNA as a positive control The Alu primers w
ere then run with the remaining 11 DNAs. 
The reactions were nm with two volumes of DNA, on
e microliter or 0.2X concentration and 5 
~lL or lX concentration. The positive control gave tw
o bands, 400 base pairs and 100 base pairs. 
Refer to Figures 1.0, 1.01, 1.02, 1.03 and 1.04. L. co
mpressa and Phontinus sp. gave 100 base 
pair fragments. Refer to Figures 1.02 and 1.03. The
 remaining DNAs (E. coli, V fischeri, C 
chaos, S. cerevisiae, C elegans, M. mercenaria, L. saxat
alis, Oncorhynus and R. norvecigus) 
gave no amplification products. 
Summary: Alu primer 
DNA Amplification Product(s) (base pairs) 
E. coli ND* 
V.fischeri ND* 
C. chaos ND* 
S. cerevisiae ND* 
C. elegans ND* 
M. mercenaria ND* 
L. saxatalis ND* 
L. compressa 100 
Phontinus sp. 100 
Oncorhynus sp. ND* 
R. non1ecigus ND* 
H. sapiens 400,100 
* ND = none detected 
** DTC = different than control 
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Figure 1.0 Alu primer 
Figure 1.01 Alu primer 
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Figure 1.02 Alu primer 
Figure 1.03 Alu primer 
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Figure 1.04 Alu primer 
Mitocox primer 
Refer to Appendix B for the Mitocox p1imer sequence. The reactions were run with two 
volumes of DNA, one microliter or 0.2X concentration and 5 µLor lX concentration. The 
Mi to cox primers were incubated with M mercenaria as a positive control to give a major 710 
base pair fragment as well as 3 minor fragments at 310, 240 and 180 base pairs. Refer to 
Figures 2.1, 2.11, 2.12, 2.13, 2.14 and 2.15. C. chaos gave a product at 710 base pairs. S. 
cerevisiae (Sigma) DNA gave a product at 250 base pairs. C. elegans gave amplification 
fragments at 870, 710 and 550 base pairs. Refer to Figure 2.1. L. saxatalis and L. compressa 
gave amplification products at 710 base pairs. Refer to Figure 2.11. Oncorhynus sp., R. 
norvecigus and H. sapiens gave 710 base pair fragments as well. Refer to Figure 2.12. E. coli 
and Vfischeri gave products at 710 base pairs. S. cerevisiae chelex DNA gave fragment sizes at 
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710 and 250 base pairs. Refer to Figure 2.13. Phontinus sp. and R.
 norvecigus gave 
amplification products at 710 base pairs. Refer to Figure 2.14. 
Summary: Mitocox primer 
DNA Amplification Product(s) (base pairs) 
E. coli 710 
V. fischeri 710 
C. chaos 710 
S. cerevisiae sigma 250** 
S. cerevisiae chelex 710 and 180** 
C. elegans 870**, 710 and 550** 
M. mercenaria 710, 310***, 240*** and 180*** 
L. saxatalis 710 
L. compressa 710 
Phontinus sp. 710 
Oncorhynus sp. 710 
R. norvecigus 710 
H. sapiens 710 
*ND = none detected 
** DTC = different than control 
***=Minor product 
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Figure 2.1 Mitocox primer 
Figure 2.11 Mitocox primer 
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Figure 2.12 Mitocox primer 
Figure 2.13 Mitocox primer 
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Figure 2.14 Mitocox primer 
Figure 2.15 Mitocox primer 
No DNA 
blank 
5Xcerevisiae 
1X cerevisiae 
.2X cerevisiae 
, No Taq 
Ladder 
No DNA 
5X mercenary 
1X mercenary 
.2X mercenary 
No Taq 
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Analu primer 
Refer to Appendix B for the Analu primer sequence. These primers are inve1ied repeats 
and not uncommon for animal Alu repeats. The Analu primers were incubated with Ratticus 
norvecigus DNA as a positive control. The reactions were run with two volumes of DNA, one 
microliter or 0.2X concentration and 5 µLor lX concentration. The positive control gave a 450 
base pair band. Refer to Figures 3.0, 3.1, 3.2, 3.23, 3.31, 3.32 and 3.33. Oncorhynus and 
Mercenaria gave amplification products at approximately 900 base pairs. Refer to Figure 3.1. 
L. compressa gave amplification products at approximately 700 base pairs and 500 base pairs. 
Refer to Figures 3.2 and 3.32. L. saxatalis gave amplification products at 700 and 450 base 
pairs. Refer to Figures 3.2 and 3.33. V fischeri gave an amplification product at 650 base 
pairs. Refer to Figure 3.31. C. elegans gave an amplification product at 2100 base pairs. 
Phontinus gave amplification products at approximately 800, 600 and 500 base pairs. Refer to 
Figure 3.32. H. sapiens, S. cerevisiae, C. chaos and E. coli did not give a PCR product. 
Summary: Analu primer 
DNA Amplification Product(s) (base pairs) 
E. coli ND* 
V. fischeri 650 DTC** 
C. chaos ND* 
S. cerevisiae ND* 
C.elegans 2100 DTC** 
M mercenaria 900 DTC** 
L. saxatalis 700 DTC** 450 
L. compressa 700 DTC** 500 DTC** 
Phontinus sp. 800 DTC** 600 DTC** 500 DTC** 
Oncorhynus sp. 900 DTC** 
R. norvecigus 450 
H. sapiens ND* 
* ND = none detected 
** DTC = different than control 
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Figure 3.0 Analu primer 
n 
a 
I 
Figure 3.1 Analu primer 
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Figure 3.2 Analu primer 
Figure 3.23 Analu primer 
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Figure 3.31 Analu primer 
Figure 3.32 Analu primer 
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Figure 3.33 Analu primer 
HHFl primer 
Refer to Appendix B for the sequence of the HHFl primer. The reactions were run with 
two volumes of DNA, one microliter or 0.2X concentration and 5 µLor IX concentration. The 
HHFl primers were incubated with S. cerevisiae as a positive control to give a 371 base pair 
fragment. Refer to Figures 4.10, 4.11, 4.112, 4.12, 4.13 and 4.14. C. chaos gave an 
amplification product at 230 base pairs. C. elegans gave an amplification product at 1900 and 
230 base pairs. Refer to Figure 4.112. V fischeri gave an amplification product at 1,000 and 
700 base pairs. Refer to Figure 4.13. E. coli, L. saxatalis, L. compressa, M mercenaria, 
Phontinus sp., Oncorhynus sp., R. norvecigus and H sapiens did not give a PCR product. 
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Summary: HHFl primer 
DNA Amplification Product(s) (base pairs) 
E. coli ND* 
Vfischeri 1,000 DTC** and 700 DTC** 
C. chaos 230 DTC** 
S. cerevisiae 371 
C.elegans 1900 DTC** and 230 DTC** 
M. mercenaria ND* 
L. saxatalis ND* 
L. compressa ND* 
Phontinus sp. ND* 
Oncorhynus sp. ND* 
R. norvecigus ND* 
H. sapiens ND* 
* ND = none detected 
** DTC different than control 
Figure 4.10 HHFl primer 
No DNA 
blank 
5X cerevisiae 
1 X cerevisiae 
.2X cerevisiae 
No Taq 
Ladder 
No DNA 
5X mercenary 
1X mercena1y 
.2X mercenary 
No Taq 
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Figure 4.11 HHFl primer 
Figure 4.112 HHFl primer 
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Figure 4.12 HHFl primer 
Figure 4.13 HHFl primer 
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Figure 4.14 HHFl primer 
,, 
q 
BactoRibo 
Refer to Appendix B for the sequence of the Bactoribo primers. The reactions were run 
with two volumes of DNA, one microliter or 0.2X concentration and 5 µLor lX concentration. 
The Bactoribo primers were incubated with E. coli as a positive control to give an 800 base pair 
fragment. C. chaos, C. elegans and M mercenaria all gave an 800 base pair amplification 
product. Refer to Figure 5.0. Phontinus sp., L. saxatalis, L. compressa and V fischeri all gave 
an 800 base pair amplification product. Refer to Figure 5.1. S. cerevisiae chelex DNA gave an 
800 base pair amplification product. Refer to Figure 5.3. R. norvecigus, Oncorhynus and S. 
cerevisiae (Sigma) DNA did not give a PCR product. 
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Summary: Bactoribo primer 
DNA Amplification Product(s) (base pairs) 
E. coli 800 
V.fischeri 800 
C. chaos 800 
S. cerevisiae sigma ND* 
S. cerevisiae chelex 800 
C.elegans 800 
M. mercenaria 800 
L. saxatalis 800 
L. compressa 800 
Phontinus sp. 800 
Oncorhynus sp. ND* 
R. norvecigus ND* 
H. sapiens 800 
* l'ID = none detected 
** DTC = different than control 
Figure 5.0 Bactoribo primer 
C 
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Figure 5.1 Bactoribo primer 
Figure 5.3 Bactoribo primer 
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Figure 5.4 Bactoribo primer 
Nrd 
Refer to Appendix B for the sequence of the Nrd primers. The reactions were run with 
two volumes of DNA, one microliter or 0.2X concentration and 5 µLor lX concentration. The 
Nrd primers were incubated with E. coli as a positive control to give a 1.2-Kb fragment. Refer to 
Figures 6.0, 6.1, 6.2 and 6.3. C. elegans gave an amplification product at 1.2 Kb. Refer to 
Figure 6.0. The remaining DNAs (V fischeri, C. chaos, S. cerevisiae, M mercenaria, L. 
saxatalis, L. compressa, Phontinus sp., Oncorhynus sp., R. norvecigus and H. sapiens) did not 
give any amplification products with the Nrd primer. 
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Summary: Nrd primer 
DNA Amplification Product(s) (base pairs) 
E. coli 1,200 
Vfischeri ND* 
C. chaos ND* 
S. cerevisiae ND* 
C.elegans 1,200 
M. mercenaria ND* 
L. saxatalis ND* 
L. compressa ND* 
Phontinus sp. ND* 
Oncorhynus sp. ND* -
R. norvecigus ND* 
H. sapiens ND* 
* ND = none detected 
** DTC -, different than control 
Figure 6.0 Nrd primer 
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Figure 6.1 Nrd primer 
Figure 6.2 Nrd primer 
11200 BP 
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Figure 6.3 Nrd primer 
Lux 
Refer to Appendix B for the sequence of the Lux p1imers. The reaction
s were run with 
two volumes of DNA, one micro liter or 0.2X concentration and 5 µLor 
lX concentration. The 
Lux primers were incubated with V fischeri as a positive control to give a 700 base pair 
fragment. Refer to Figures 7.0, 7.1 and 7.2. The remaining 11 DNAs (E. coli, C. chaos
, S. 
cerevisiae, C. elegans, L. compressa, L. saxatalis, M mercenaria, Phonti
nus sp., Oncorhynus 
sp., R. norvecigus and H. sapiens) did not give any significant amplification products. 
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Summary: Lux primer 
DNA Amplification Product(s) (base pairs) 
E. coli ND* 
V. fischeri 700 
C. chaos ND* 
S. cerevisiae ND* 
C.elegans ND* 
M. mercenaria ND* 
L. saxatalis ND* 
L. compressa ND* 
Phontinus sp. Var**** 
Oncorhynus sp. ND* 
R. norvecigus ND* 
H sapiens ND* 
* ND none detected 
** DTC different than control 
**** Variable results 
Figure 7.0 Lux primer 
~ 1Xelegan''' 
it . 2X elegans?, 
~ 1 X cerevisfa'e! 
. . 2X cerevisiait< 
!; 1X chaos 
\ .2X chaos 
,. Ladder 
1X coli 
... .2X coli 
" 0 1 X fischeri 
ii,.2X fischeri 
NoTaq 
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Figure 7.1 Lux primer 
Figure 7.2 Lux primer 
.2Xfi 
1X saP .... · .. ·.· 
.2XsapR;) 
1X rat 
" .2X rat 
Ladder 
~"" 1 X salmon "}:!~J } 
w• .2Xsalmon{ 
1X fischert · 
.2X 
No 
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DNA 
E.coli 
Refer to Table 11.0 for a summary of all data. 
Table 11.0 Summary of all DNAs and Primers 
Primers Alu Analu Bactoribo HHF
I 
+800* 
Lux Mitocox 
+710 
V. fischeri +650 +800* +1000, 700 +700* 
+710 
C. chaos +800 +230 
+710 
S. cerevisiae sigma +371* 
+250 
-
S. cerevisiae chelex +800 
+710,250 
C. e/egans +800 +1900,230 
+870, 710,550 
lvf. mercenaria +900 +800 
+710*, 310,240, 180 
L. saxata!is +700,450 +800 
+710 
L. compressa +100 +700,500 +800 
+710 
Phontinus +JOO +800,600,500 +800 +var 
+710 
Oncorhynus +900 
+710 
R. norvecigus +450* 
+710 
H. sapiens +100*400* +800 
+710 
* = Positive control 
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Nrd 
+1200* 
+1200 
Discussion 
The conditions of the PCR reactions are of particular interest. Stringency of the reaction 
is a function of the am1ealing temperature. A temperature near the T111 or melting temperature of 
the primer and its complementary strand is considered very stringent. High stringency reactions 
are advantageous in that background "noise" is minimized. A reaction of low stringency can 
lead to erroneous results, such as the presence of an amplification product when the 
complementary regions to the primers are not truly present. In spite of this, universal primers 
tend to require low stringency conditions. As seen in Table 2.0 on page 19, the Analu, 
Bactoribo, HHFl and Mitocox primers use relatively low stringency conditions. The advantage 
of low stringency is that the lack of product strongly suggests the lack of the primer's 
complementary strands in the DNA sample. 
Future work could involve repeating the reactions with higher annealing temperatures to 
determine if the primers are annealing specifically. 
A. Alu Primers 
The Alu primers worked with H. sapiens, Phontinus sp. and L. compressa. There exists 
some concern of contamination by an H. sapiens DNA. The band seen with Phontinus sp. and L. 
compressa is approximately 100 base pairs. Contamination should give a 400 and 100 base pair 
fragment; this is not seen here, therefore contamination with the researcher's DNA is not likely. 
This Alu primer was thought to be human specific. Organisms within the Kingdom Animalia 
contain Alu inse1is but the sequences vary from the SINES* of H. sapiens. 
* SINES is an acronym for Short Interspersed Elements. These are repeating sequences 
originally found interspersed throughout the genome of primates. 
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The Alu sequence does not appear to be H. sapiens specific. Under stringent conditions 
L. compressa and Phontinus spp. DNA were amplified to give a 100-bp fragment. 
It may have seemed an act of futility to attempt to get an amplification product from 
prokaryotic DNA and the Alu primers, but recall that 8 species of cyanobacteria actually contain 
intrans and SINE and LINE similar sequences are found as a single copy in prokaryotes. 
B. Analu primers 
The Analu primer did not prove to be "universal" in this survey, even under low 
stringency. Eight of the 12 organisms used in this research belong to the Kingdom Animalia. 
Seven of the 8 gave an amplified product with Analu. H. sapiens DNA did not have a 
sufficiently complementary region to yield an amplification product even at low stringency. This 
supports the literature, which claims that human SINES are distinct and different from other 
animalia SINES. (5 and 22) 
The Analu primers worked with V. fischeri, C. elegans, M mercenaria, L. saxatalis, L. 
compress a, Oncorhynus sp. and R. norvecigus. V. fischeri can be differentiated from the other 
11 organisms by this primer alone. A 650 base pair fragment is amplified, the other organisms 
give either different size :fragments or no product at all. This is different than the R. norvecigus 
control (450 base pairs) and is unique. It was surprising to see a PCR product with V. fischeri 
using an animal Alu primer. The PCR was repeated and the results confirmed. A higher 
stringency may result in no product but under the same conditions E. coli gave no product, 
therefore the results would appear to be significant. 
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C. elegans can be differentiated from the other organisms by the Analu primer alo
ne. A 
2100 base pair fragment results. This is different than the R. norvecigus contro
l and is unique. 
This was repeated and confirmed. 
M. mercenaria can be differentiated from the other organisms except Oncorhy
nus sp. 
using the Analu primers. Both Oncorhynus and M mercenaria gave a 900 bas
e pair fragment 
that is different than the control and unique to these two species. Contaminati
on of one of these 
DNAs with the other can be ruled out only unidirectionally by comparing the B
actoribo primers 
and Mitocox primers. Contamination of M. mercenaria by Oncorhynus canno
t be ruled out but 
the reverse contamination can. Oncorhynus contaminated by M. mercenaria w
ould have given a 
hybrid different pattern with the Mitocox primers; this did not occur. 
L. saxatalis and L. compressa can be differentiated from each other as well as 
the other 
10 organisms with Analu. L. saxatalis gave 700 and 450 base pair fragments w
hereas L. 
compressa gave 700 and 500 base pair fragments. These were run on a gel juxtaposed. The 450 
and 500 base pair fragments clearly migrated differently. The two differentiatin
g fragments of L. 
saxatalis and L. compressa were calculated to be different sizes and were visu
ally different sizes 
as well. The 700 base pair fragments were unique to the Littorinids, differenti
ating these two 
organisms from the other 10 organisms. 
Phontinus gave a unique 3-band pattern with Analu. The sizes were calculated
 to be 800, 
600 and 500. These were different from the control and reproducible. 
Oncorhynus, as mentioned previously, cannot be differentiated from M. merce
naria. 
Oncorhynus can, however, be discriminated from the other 10 organisms relati
ve to Analu. 
R. norvecigus was the Analu control. The 450 base pair band is unique to R. no
rvecigus 
and visually distinct from L. compressa's and Phontinus' 500 base pair fragmen
t. 
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C. Bactoribo primers 
The Bactoribo primers were stated to be universal for eubacteria. This held true with the 
2 eubacteria used in this research. Unexpectedly, the primers also worked with several of the 
eukaryotic organisms, consistently giving the same results as the controls. Oncorhynus sp., R. 
norvecigus and S. cerevisiae (Sigma) did not give an amplified product with Bactoribo. The 
evidence suggests that primers were annealing to mitochondrial DNA that contains the 16S 
rRNA gene. S. cerevisiae DNA purchased from Sigma did not give an amplification product 
with Bactoribo. S. cerevisiae chelex DNA did have a complementary region to the Bactoribo 
primers. Presumably, the purchased DNA was pure and without mitochondrial DNA 
contamination. The chelex DNA is known to have mitochondrial contamination. The other 
possibility is that the eukaryotic 18S rRNA gene contains a region that is complementary to the 
16S rRNA Bactoribo primers. 18S rRNA is homologous to the 16S rRNA relative to assembly 
of the small ribosomal subunit only (30s in prokaryotes and 40S in eukaryotes). The areas of 
true sequence homology are short and irregular. Indeed, even the S. cerevisiae mitochondrial 
16S rRNA gene is only sequence similar to prokaryotic 16S rRNA in highly conserved regions. 
S. cerevisiae 16S rRNA can't be substituted for E. coli 16S rRNA in 30S ribosomal subunit 
assembly. 
The fact that Oncorhynus and R. norvecigus did not yield an amplification product with 
Bactoribo does not indicate the lack of mitochondrial DNA contamination. These same DNAs 
did yield a PCR product with cytochrome oxidase subunit I (COI) primers (Mitocox) and this 
protein product is known to be coded for by the mitochondrial genome. 
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D. HHFl primers 
The HHFl primers anneal to a region in the Histone 3 gene that is found in S. cerevisiae 
and C. elegans. The proteins Histone 3 and Histone 4 are highly conserved in evolution. 
Histone 3 has a unit evolutionary period of 300 million years and Histone 4 has a unit 
evolutionary period of 600 million years. * Histone 3 proteins between pea seedlings and calf 
thymus only differ at four positions, but because of the degeneracy of the code the nucleotide 
sequences are slightly more variable. 
S. cerevisiae, the positive control, gave a PCR product at 371 base pairs. This fragment 
was unique for S. cerevisiae using the HHFl primers. C. elegans had amplification products at 
1,900 and 230 base pairs. The 230 base pair fragment was also seen in C. chaos, but the 1,900 
base pair fragment differentiated C. elegans from the remaining DNAs. 
V fischeri also had amplification products. A 1,000 base pair fragment and 700 base pair 
fragment was seen with V. fischeri and the HHFl primers. These fragments could not have 
arisen from contamination from any of the other 11 DNAs because they did not give any similar 
fragment sizes. Contamination by another source is a possibility. Low stringency could also 
account for the unexpected result or, simply, sequences that are complementary to the HHFl 
primers exist in V fischeri. 
* : A unit evolutionary period is defined as the time it takes the amino acid sequence to change 
by 1 % after the divergence of two evolutionary lines. 
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E. Lux primers 
The Lux primers gave the expected 700 base pair fragment with V fischeri. Phontinus 
gave one major and 3 minor bands that were all less than 700 base pairs. These results are no
t 
reproducible as of yet. Both organisms are bioluminescent and further 
work may be warranted 
with the Lux primers and Phontinus sp. 
The remaining 10 organisms did not yield an amplification product wit
h the Lux primers. 
F. Mitocox primers 
The Mitocox primers yielded a 710 base pair fragment with all 12 organ
isms. This was 
shared by all of the DNAs and consistent with the positive control. The
 Sigma S. cerevisiae gave 
an amplification product at 250 base pairs only, but the chelex S. cerevisi
ae did result in a 710 
base pair band as well as the 250 base pair fragment. This pattern was u
nique to S. cerevisiae 
and allowed for the differentiation of the yeast with the Mitocox primer
. C. elegans and M 
mercenaria could also be differentiated with the Mitocox primer while 
the remaining DNAs all 
yielded a 710 base pair fragment only and could not be discriminated. 
C. elegans gave amplification products at 870, 710 and 550 base pairs. M
 mercenaria 
gave amplification products 710,310,240 and 180 base pairs. 
The presence of PCR products from E. coli and V fischeri was unsuspected, especially E. 
coli which is an oxidase negative bacterium. That is, it is a facultative a
naerobe that does not 
contain the oxidase enzyme of the ETS or any enzymes of the ETS. Ap
parently, V fischeri and 
E. coli do contain a similar protein as mitochondrial COI ( cytochrome oxidase subunit I
) or at 
least nucleotide sequences that are similar to the mitochondrial. COL 
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G. Nrd primers 
The Nrd primers worked with 2 organisms. The positive control, E
. coli, resulted in an 
expected 1,200 base pair fragment. C. elegans also yielded a strong 1,2
00 base pair :fragment. 
The C. elegans result is most likely due to contamination by E. coli. C.
 elegans grazes on E. 
coli. The separation technique used in an attempt to separate the tw
o organisms involved 
separation in a buret by gravity sedimentation. It is very probable 
that this technique was not 
performed precisely enough and the DNA extraction was canied o
ut on C. elegans as well as its 
food E. coli. Fmiher work is necessary to determine if the Bactori
bo primers and Nrd primers 
actually work with C. elegans or if the results were a product of E. coli 
contamination. 
H. Cladograms and phylogenetic relationships 
Molecular methods will allow us to reconstruct or provide addition
al suppmi for the 
cunent cladograms. A clade is a grouping of organisms that includ
es an ancestor and all of its 
descendents. Clades are recognized by their evolutionary peculiari
ties. For example, all 
eutherians are placental animals. 
A cladogram is a diagram that depicts phylogenetic relationships. 
They are sometimes 
hypothetical phylogenetic relationships. There is more than one w
ay to draw or form a 
cladogram. One way is using an indentation or outline method. T
he following is an example of 
this method. 
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Cladogram; outline method 
Metazoa (1) 
Porifera 
(Sponges) 
Eumetazoa (2) 
Cnidaria 
Ctenophora 
Bilateria (3) 
Platyhelminthes 
Nematoda 
Coelomata (4) 
Eutrochozoa (5) 
Annelida 
Mollusca 
Arthropoda 
Deuterostomia ( 6) 
Echinodermata 
Chordata 
The numbers represent ancestral taxa. Those clades without numbers are tem1inal taxa. 
Ancestral taxa should generate a PCR product of any primer that is universal for that cladogram. 
That is highly conserved regions of the genome must be present in the ancestor as well as all of 
the evolutionary progeny. Variable regions of the genome will generate PCR differences 
between clades. The closer the clades are evolutionarily the more likely it is that they will have a 
similar DNA fingerprint. 
It would be very difficult to create a cladogram from this data because of unexpected 
results. For example the Analu primer yielded an amplification product with Vibrio and the 
Bactoribo primer yielded amplification products with several eukaryotes. Refer to Appendix D. 
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I. Summary 
The objective of this research was to survey a number of DNA samples from variou
s 
organisms, using different primers, to determine what difference
s exist between organisms 
relative to each primer. This survey was to contribute to the foll
owing: 
1. Educational purposes. 
2. Survey unconventional combinations. 
3. Determine what differences exist between the two snails, L. 
saxatilis and L. 
compressa 
It is definitely feasible to use this paiiicular battery of primers fo
r educational purposes. 
As depicted in Appendix D a student would be able to identify a
n unknown DNA sample using 
this set of primers. However, the cycling conditions are variable
 and should be standardized if 
possible. 
The unconventional primer-DNA combination also proved fruitf
ul. Indeed many 
unexpected results were seen. 
1. The universal eubacte1ial primer bactoribo amplified eukaryo
tic DNA 
2. The supposed universal animal primer did not amplify all or
ganisms in the kingdom 
Animalia. 
3. The analu primer amplified the eubacteria Vibrio fischeri. 
4. The histone primer HHFl did not give products for the 3 mo
llusks used. 
5. The lux primer gave amplification products for firefly DNA; 
the primer is designed to 
amplify the bioluminescent Vibrio eubacteria. 
6. The cytochrome c oxidase, mitocox primer gave amplificatio
n product for all 12 
orgamsms. 
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Finally, a difference was found between L. saxatalis and L. compressa. L. compressa 
gave an amplification product of 100 base pairs with the Alu primer and L. saxatalis did not. 
Additionally, L. saxatalis gave an amplification product of 500 base pairs with analu and L. 
compressa gave a band of 450 base pairs. This information is not definitive enough to conclude 
that the snails are different species it just simply shows that a significant genetic difference does 
exist. 
In retrospect, changes that I would make would be as follows: 
1) Use 2% NuSieve for all electrophoreses. 
2) Make fewer, larger volume stocks of the 2% NuSieve. 
3) Use Taq purchased from one vender because actual activity differs. 
4) Attempt to limit the voltages and run times to consistent, constant parameters. 
5) Use computer generated labels for gels to limit post scanning software manipulation. 
The use of NuSieve would give better resolution to differentiate the bands that are similar 
in size and the large volume stocks would increase the homogeneity of the gels and subsequently 
the between gel precision. 
It was discovered that the actual activity of the Taq enzyme differs from different 
manufacturers. Using one vendor with a known activity would ensure a consistent volume of 
Taq being used per reaction vessel. Lower activity brands force the use of increased volumes 
and the recalculation of distilled water in each reaction vessel or master mix. 
Limiting the voltages and run times to a couple of consistent settings would simplify the 
analysis of the data, not change the precision or accuracy. Measuring and recording "Ladder" 
fragments would have been simplified had all gels been run at 50 volts for approximately 2.5 
hours. The variable parameters were not difficult to deal with but forced an attention to detail 
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and possible source of error that could have been avoided. The lower voltages for longer times 
did result in decreased sharpness in the bands. Running at 100 volts for a couple minutes to get 
the DNA into the gel and then decreasing the voltage alleviated this. 
The use of computer generated labels on the gels would have alleviated the post scanning 
manipulation of the pictures. The pictures were capable of being labeled within the scanning 
software but the labels were then made a permanent pali of the picture. Changing labels required 
rescaiming of the gels. 
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Appendix A 
Kingdom Phylum Class Order 
Family Genus Species 
Monera Gracilicutes Scotobacteria Enterobac
terales Enterobacteriaceae Escherichia Coli 
Vibrionales Vibrionaceae Vibrio .fischeri 
Protista Sarcomastigophora Lobsea Amoebida
 Amoebidae Chaos chaos 
Fungi Ascomycota H emiascomycetes Saccharom
ycetales Saccharomycetaceae Saccharomyces cerevisiae 
Anirnalia Nematoda Secerentea Rhabditida 
Rhabditidae Caenorhabditis elegcms 
Mollusca Lamellibranchia Heterodonta V
eneridae Mere en aria mercenaria 
Gastropoda Mesoga8tropoda Littorinidae 
Littorina saxatalis 
compressa 
Arthropoda Insecta Coleoptera L
ampyridae Phontinus sp 
Chordata Osteichthyes Salmoniformes S
almonidae Oncorhynchus sp 
Mammalia Rodentia Muridae 
Ratticus norvecigus 
Primate Hominidae Homo sap
iens 
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Appendix B 
Primers 
Name Amplify Sequence 
Alu Human TP A insert; 5'GTAAGAGTTCCGTAACAGGACAGCT3' 25 mer 
100 bp or 400 bp 5'CCCCACCCTAGGAGAACTTCTCTTT3' 25 mer 
----·-----·---------
_______ _. .. _. ...... _ .. ______ .. ______________ 
HHFl S. cerevisea Histone 5 'AACAAAAACAAGCAACAAA3' 19 mer 
371 bp 5' ACCGTTTTCTTAGAATTAGC3' 20mer 
-Bactoribo Universal Bacterial 5 'GATCCTGGCTCAGGATGAAC3' 20 mer 
rRNA gene . 800bp 5'GGACTACCAGGGTATCTAATC3' 21 mer 
.............................. 
Analu Universal Animal 5 'GTGGATCACCTGAGGTCAGGAGTTTC3' 26 mer 
Alu. Variable length 5 'GTGGATCACCTGAGGTCAGGAGTTTC3' 26 mer 
Mitocox Insecta Cytochrome C 5'GGTCAACAAATCATAAAGATA TTGG3' 25 mer 
Oxidase I. 710 bp 5'TAAACTTCAGGGTGACCAAAAAA TCA3' 26 mer 
NRD E. coli Nucleotide 5'CGGGATCCCCAACAGGACACACTCATG3' 27mer 
Reductase. 1.2 Kb 5'CGGGATCCAGCAGTTGTGTGCCAGTGA3' 27 mer 
Lux Vibrio fischeri. 5'AAAAGGATCCTCAGAACCGTTTGCTTCAAAACC3' 33 mer 
700 bp 5'ACACAAGCTTCTACTGGATCAAATGTCAAAAGGACG3' 36 mer 
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Appendix C 
Slope of linear regression line 
b = n;":xy-(;":x)(Y'.y) 
nix2-(Ix)2 
Intercept of best-fit linear regression line 
a = Y - bX 
Standard Error of Regression Line 
S y•x = -,.j [l/n(n-2)] [niy2 - (Iy)2 - ( [nZ::xy - (Ix)(Iy)]
2/nix2 - (Ix)2) 
Standard error of the Regression coefficient 
Sb = .,.;Residual MS/Ix
2 
Critical t.os(2),9 = 2.2620 
Confidence Interval= t(SE) 
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12 organisms 
E. coli, V. fischeri, C. chaos, 
S. cerevisiae, C. elegans, M. 
niercenaria, L. saxatalis, L. 
compressa, Phontinus sp., 
Oncorhynus sp., R. 
norvecigus and H. sapiens 
AppendixD 
Bactoribo 
No 
E. coli, V. fischeri, C. 
chaos, S. cerevisiae, C. 
elegans, M mercenaria, L. 
saxatalis, L. compressa, 
Phontinus sp. and H. 
sapiens 
Analu 
~----~ 
Oncorhynus sp. and 
R. norvecigus 
Analu 45Analu 900 
R. norvecigus Oncorhynus 
r----------------. 
V. fischeri, C. elegans, M mercenaria, L. 
saxatalis, L. compressa and Phontinus sp. 
E. coli, C. chaos, S. 
cerevisiae and H. 
sapiens 
Lux 
~ 
V. fischeri and 
Phontinus 
V. fischeri 
Lux 700 
Phontinus 
Lux var 
C. elegans, M 
mercenaria, L. saxatilis 
and L. compressa 
HHFl 
~ 
M. mercenaria, 
L. saxatalis and 
L. compressa 
C.elegans 
Analu 900 Analu 500 
M. mercenaria L. saxatalis L. compressa 
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Alu 
~ 
E. coli, C. chaos, 
S. cerevisiae 
Nrd 
N 
C. chaos and 
S. cerevisiae 
I H. sapiens 
HH 371 
C. chaos S. cerevisiae 
Appendix E 
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Appendix E ( continued) 
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Figure 1.0 
Ladder (mm) 
3147 6.5 
2647 8.0 
900 19.5 
800 21.5 
700 23.5 
600 26.0 
500 29.0 
450 30.5 
400 33.0 
350 35.0 
300 38.0 
Mean 24.5909 
Slope -0.0324 
lntrcpt 3.6480 
SE 0.0455 
Sb 0.0014 
t.05(2),9 2.2620 
Cl 0.1030 
Expctd 2.6021 
Log(bp) 
3.4979 
3.4228 
2.9542 
2.9031 
2.8451 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
2.8524 
0.1030 
2.0000 
Alu 
carrotY 
3.4377 
3.3892 
3.0171 
2.9524 
2.8877 
2.8068 
2.7098 
2.6613 
2.5804 
2.5157 
2.4186 
Appendix F 
ResMS Sum x11.2 Organism frag(mm) Y=mx+b frag(mm) Stat 
0.0036 327.2810 sapiens 32.0000 2.6127 409.9438
 within Cl 
0.0011 275.2583 sapiens 51.0000 1.9980 99.548
4 within Cl 
0.0040 25.9174 
0.0024 9.5537 SE = Sy .J ( 1 - r 2 )( n - 1 ) /( n 2) 
0.0018 1.1901 
0.0008 1.9855 Sb = ~Re sidualMS tI x2 0.0001 19.4401 
0.0001 34.9174 
0.0005 70.7128 t = Slope I Sb 
0.0008 108.3492 
0.0034 179.8037 CI = t(SE ) 
0.0187 1054.4091 
0.0021 Regression y = -0.0324x + 3.648 
R2 = 0.9834 
' f }111 !-~-·-_ .. _-_--_-_--_-_-_._._._._._._._._ .. _I 
0.0000 +--------=----------<· 
0.0 10.0 20.0 30.0 40.0 
Migration(mm) 
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Figure 1.01 Alu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag
(mm) Y=mx+b frag(mm) Stat 
3147 16.0 3.4979 3.4798 0.0003 446.
3617 sapiens 46.0000 2.5889 388.0937 
within Cl 
2647 18.0 3.4228 3.4204 0.0000 365.8
526 sapiens 60.0000 2.1732 149.0006 
outside Cl 
900 33.0 2.9542 2.9750 0.0004 17.03
44 sapiens 
800 35.0 2.9031 2.9156 0.0002 4.5
253 
700 37.0 2.8451 2.8562 0.0001 0.0
162 
600 39.5 2.7782 2.7820 0.0000 5.6
298 
500 42.0 2.6990 2.7077 0.0001 23
.7435 SE = Sy .J (1 - r 2 )( n - 1 ) /( n - 2 ) 
450 44.0 2.6532 2.6483 0.0000 47
.2344 
400 46.0 2.6021 2.5889 0.0002 78
.7253 Sb ~Re sidua!MS iI 
350 47.9 2.5441 2.5325 0.0001 11
6.0517 = 
x2 
300 50.0 2.4771 2.4702 0.0000 
165.7071 
250 52.5 2.3979 2.3959 0.0000 23
6.3207 t = Slope I Sb 
Mean 37.1273 2.8524 0.0015 1270
.8818 
Slope -0.0297 0.0002 CI = t(SE) 
lntrcpt 3.9550 
SE 0.0130 
Sb 0.0004 
Regression y = -0.0297x + 3.95
5 
t.05(2),9 2.2620 
R2 = 0.9987 
Cl 0.0293 0.0293 
4.0000 
3.0000 I ... "' ~ ..... J Expctd 2.6021 2.0000 i 2.0000 
-' 1.0000 
0.0000 
0.0 10.0 20.0 30.0 40
.0 50.0 60.0 
Migration(mm) 
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Figure 1.02 Alu 
Ladder (mm) Log(bp) carrot Y ResMS SumxA2 Organism 
frag(mm) Y=mx+b frag(mm) Stat 
3147 16 3.4979 3.5042 0.0000 472.0
744 sapiens 46.0000 2.6043 402.0440 
within Cl 
2647 19 3.4228 3.4142 0.0001 350.7
107 sapiens 61.0000 2.1543 142.6693 
outside Cl 
900 34 2.9542 2.9642 0.0001 13
.8926 sapiens 61.0000 2.1543 142.6693 
outside Cl 
800 36 2.9031 2.9042 0.0000 2.9
835 
700 38 2.8451 2.8442 0.0000 0.0
744 
600 40 2.7782 2.7843 0.0000 5.1
653 
500 43 2.6990 2.6943 0.0000 27
.8017 SE Sy .J (1 - r 2 )( n - 1 ) /( n 2) 
450 45 2.6532 2.6343 0.0004 52
.8926 
400 47 2.6021 2.5743 0.0008 85
.9835 
~Re IL 
350 48 2.5441 2.5443 0.0000 10
5.5289 Sb = sidualMS x2 
300 49 2.4771 2.5143 0.0014 12
7.0744 
t = Slope I Sb 
Mean 37.7273 2.8524 0.0028 1244
.1818 
Slope -0.0300 0.0003 CI = t(SE ) 
lntrcpt 3.9841 
SE 0.0176 
Sb 0.0005 
Regression y = -0.03x + 3.9841 
t.05(2),9 2.2620 
R2 = 0.9975 
Cl 0.0398 0.0398 .8' 4.0000 r---- . . _ 
Expctd 2.6021 2.0000 
-----------1 ......... 
c, 2.0000 
0 
...J 
0.0000 
0 10 20 30 40 50 60 
Migration(mm) 
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Figure 1.03 Alu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism 
frag(mm) Y=mx+b frag(mm) Stat 
3147 16 3.4979 3.4767 0.0005 394.
5640 sapiens 44.0000 2.5967 395.1188
 within Cl 
2647 17.5 3.4228 3.4295 0.0000 33
7.2231 sapiens 60.0000 2.0939 124.1383
 outside Cl 
900 32 2.9542 2.9738 0.0004 14
.9277 sapiens 60.0000 2.0939 124.13
83 outside Cl 
800 34 2.9031 2.9110 0.0001 3.47
31 
700 36 2.8451 2.8481 0.0000 0.
0186 
600 38 2.7782 2.7853 0.0001 4.
5640 
500 41 2.6990 2.6910 0.0001 26
.3822 SE Sy .J(l - r2)( n -1)/(n - 2) 
450 42 2.6532 2.6596 0.0000 37
.6550 
400 44 2.6021 2.5967 0.0000 66
.2004 Sb ~Re sidualMS IL 
350 46 2.5441 2.5339 0.0001 10
2.7459 = 
x2 
300 48 2.4771 2.4710 0.0000 1
47.2913 
t = Slope I Sb 
Mean 35.8636 2.8524 0.0013 1135
.0455 
Slope -0.0314 0.0001 CI = t(SE) 
lntrcpt 3.9795 
SE 0.0119 Regression 
y = -0.0314x + 3.9795 
Sb 0.0004 
R2 = 0.9989 
t.05(2),9 2.2620 Jr : ::: r---· --·-- .. ------ e e e I - ----~- ~ ~ ~ 
I 
Cl 0.0269 0.0269 
Expctd 2.6021 2.0000 
...... 
o, 2.0000 
0 
..1 1.0000 
0.0000 
0 10 20 30 40 50 
60 
Migration(mm) 
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Figure 1.04 Alu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organis
m frag(mm) Y=mx+b frag(mm) Stat 
3147 16 3.4979 3.4847 0.0002 48
8.0083 sapiens 46.5000 2.6118 409.03
31 within Cl 
2647 18 3.4228 3.4274 0.0000 40
3.6446 sapiens 61.0000 2.1968 157.3
160 outside Cl 
900 34 2.9542 2.9695 0.0002 16
.7355 sapiens 
800 36 2.9031 2.9123 0.0001 4.3
719 
700 38 2.8451 2.8550 0.0001 0.0
083 
600 41 2.7782 2.7692 0.0001 8.4
628 
500 44 2.6990 2.6833 0.0002 
34.9174 SE = Sy .J (1 - r 2 )( n - 1 ) /( n - 2 ) 
450 45 2.6532 2.6547 0.0000 47
.7355 
400 47 2.6021 2.5974 0.0000 79
.3719 Sb ~Re sidualMS IL 
350 49 2.5441 2.5402 0.0000 11
9.0083 = 
x2 
300 51 2.4771 2.4830 0.0000 16
6.6446 
t = Slope I Sb 
Mean 38.0909 2.8524 0.0010 1
368.9091 
Slope -0.0286 0.0001 
CI = t ( SE ) 
lntrcpt 3.9426 
SE 0.0106 Regression 
y = -0.0286x + 3.9426 
Sb 0.0003 
R2 = 0.9991 
t.05(2),9 2.2620 
1 f Iii [----.. --- .. · · ..· ~. ·· 1 Cl 0.0240 0.0240 Expctd 2.6021 2.0000 
0 10 20 30 40 50 60
 
Migration(mm) 
" 
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Figure 2.1 
Ladder (mm) Log(bp) 
3147 11 3.4979 
2647 13 3.4228 
900 25.5 2.9542 
800 27 2.9031 
700 29 2.8451 
600 31.5 2.7782 
500 34 2.6990 
450 36 2.6532 
400 38 . 2.6021 
350 40 2.5441 
300 42 2.4771 
Mean 29.7273 2.8524 
Slope -0.0327 
lntrcpt 3.8248 
SE 0.0293 
Sb 0.0009 
t.05(2),9 2.2620 
Cl 0.0664 
Expctd 2.8513 
Mitocox 
carrot Y ResMS Sum xA2 
3.4650 0.0011 350.7107 
3.3996 0.0005 279.8017 
2.9907 0.0013 17.8698 
2.9416 0.0015 7.4380 
2.8762 0.0010 0.5289 
2.7944 0.0003 3.1426 
2.7127 0.0002 18.2562 
2.6472 0.0000 39.3471 
2.5818 0.0004 68.4380 
2.5164 0.0008 105.5289 
2.4510 0.0007 150.6198 
Organism 
mercenary 
cerevisiae 
chaos 
elegans 
frag(mm) Y=mx+b frag(mm) 
29.5000 2.8599 724.1992 
40.5000 2.5001 316.2656 
44.0000 2.3856 242.9787 
48.0000 2.2547 179.7751 
42.0000 2.4510 282.4798 
29.5000 2.8599 724.1992 
27.0000 2.9416 874.2430 
29.5000 2.8599 724.1992 
33.0000 2.7454 556.3835 
Stat 
within Cl 
SE = Sy .J ( 1 - r 2 )( n - I ) /( n - 2 ) 
IL x2 
0.0077 1041.6818 
Sb = ..JRe sidualMS 
Slope I Sb 
0.0009 
t = 
CI = t( SE ) 
Regression y = -0.0327x + 3.8248 
R2 = 0.9931 
~ rn!! E "--· ....... : --1 
0 10 20 30 40 50 
Migration(mm) 
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Figure 2.11 Mitocox 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organi
sm frag(mm) Y=mx+b frag(mm) Stat 
3147 12 3.4979 3.4581 0.0016 46
2.2500 mercenary 33.5000 2.8524 711.908
2 within Cl 
2647 14 3.4228 3.4018 0.0004 38
0.2500 saxatilis 33.5000 2.8524 711.9
082 
900 28 2.9542 3.0074 0.0028 30
.2500 compressa 33.5000 2.8524 711.9
082 
800 30 2.9031 2.9510 0.0023 12
.2500 
700 32.5 2.8451 2.8806 0.0013 1.0
000 
= Sy -J (1 - r 2 )( n - 1 ) /( n - 2) 
600 36 2.7782 2.7820 0.0000 6.2
500 SE 
500 39 2.6990 2.6975 0.0000 30
.2500 
450 41.5 2.6532 2.6270 0.0007 64
.0000 Sb = ~Re sidualMS iI x2 
400 43.5 2.6021 2.5707 0.0010 
100.0000 
350 45 2.5441 2.5284 0.0002 
132.2500 t = Slope I Sb 
300 47 2.4771 2.4721 0.0000 
182.2500 
250 52.5 2.3979 2.3172 0.0065 
361.0000 CI = t(SE) 
Mean 33.5000 2.8524 0.0104 14
01.0000 
Slope -0.0282 0.0012 Regression 
lntrcpt 3.7962 
y = -0.0282x + 3.7962 
SE 0.0339 
R2 = 0.9908 
Sb 0.0009 ;ff~r--- ... ----.: .-.- ...... -1 t.05(2),9 2.2620 
Cl 0.0767 
Expctd 2.8513 
0 10 20 30 40 
50 
Migration(mm) 
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Figure 2.12 
Ladder (mm) Log(bp) 
3147 10 3.4979 
2647 12 3.4228 
900 28 2.9542 
800 30 2.9031 
700 32.5 2.8451 
600 36 2.7782 
500 2.6990 
450 2.6532 
400 2.6021 
350 2.5441 
300 2.4771 
Mean 24.7500 2.8524 
Slope -0.0283 
lntrcpt 3.7661 
SE 0.0209 
Sb 0.0006 
t.05(2),9 2.2620 
Cl 0.0473 
Expctd 2.8513 
Mitocox 
carrot Y 
3.4836 
3.4271 
2.9751 
2.9186 
2.8479 
2.7491 
3.7661 
3.7661 
3.7661 
3.7661 
3.7661 
ResMS 
0.0002 
0.0000 
0.0004 
0.0002 
0.0000 
0.0008 
1.1387 
1.2384 
1.3549 
1.4933 
1.6614 
0.0018 
0.0002 
SumxA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
217.5625 mercenary 32.5000 2.8479 704.5838
 within Cl 
162.5625 salmon 32.5000 2.8479 704.5838 
10.5625 rat 32.5000 2.8479 704.5838 
27.5625 sapiens 32.5000 2.8479 704.5838
 
60.0625 
126.5625 SE Sy .J (1 - r 2 )( n - 1 ) /( n 2) 612.5625 = -
612.5625 
612.5625 Sb = ~Re sidualMS IL x2 
612.5625 
612.5625 t = Slope I Sb 
604.8750 CI = t(SE ) 
Regression y = -0.0283x + 
3.7661 
R2 = 0.9964 
j ~!m 1--- ~. ----- -; :- . -. -J 
u.OOOu , 
0 10 20 30 40 
Migration(mm) 
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Figure 2.13 Mitocox 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag
(mm) Y=mx+b frag(mm) Stat 
3147 14 3.4979 3.4794 0.0003 398.1839 
mercenary 34.0000 2.8510 709.5711 within Cl 
2647 16 3.4228 3.4165 0.0000 322.3657
 45.0000 2.5054 320.1816 
900 29.5 2.9542 2.9924 0.0015 19.8430 
48.0000 2.4111 257.7164 
800 32 2.9031 2.9138 0.0001 3.8202 
52.0000 2.2855 192.9610 
700 34 2.8451 2.8510 0.0000 0.0021 
cerevisiae 34.0000 2.8510 709.5711 
600 36 2.7782 2.7882 0.0001 4.1839
 50.0000 2.3483 223.0004 
500 39 2.6990 2.6939 0.0000 25.456
6 coli 34.0000 2.8510 709.5711 
450 41 2.6532 2;6311 0.0005 49.638
4 vibrio 34.0000 2.8510 709.5711 
400 42 2.6021 2.5997 0.0000 64.7293 
350 44 2.5441 2.5368 0.0001 100.91
12 
SE = Sy .J(l - r 2 )( n - 1) /( n - 2) 
300 46 2.4771 2.4740 0.0000 145.09
30 Sb = .JRe sidua!MS IL x2 
Mean 33.9545 2.8524 0.0027 1134.227
3 t = Slope I Sb 
Slope -0.0314 0.0003 CI = t(SE ) 
lntrcpt 3.9192 
SE 0.0172 
Sb 0.0005 
Regression y = -0.0314x + 3.9
192 
R2 = 0.9976 
t.05(2),9 2.2620 
Cl 0.0390 
Expctd 2.8513 
f ;~~~ r- -- .. ------;-.-:.-· .. -... -11 
0.0000 j I ~ I 
0 10 20 30 40 50 
Migration(mm) 
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Figure 2.14 
Ladder (mm) Log(bp) 
3147 19 3.4979 
2647 21 3.4228 
900 36 2.9542 
800 37.5 2.9031 
700 40 2.8451 
600 42.5 2.7782 
500 45.5 2.6990 
450 47 2.6532 
400 49 2.6021 
350 51 2.5441 
300 53 2.4771 
Mean 40.1364 2.8524 
Slope -0.0296 
lntrcpt 4.0395 
SE 0.0154 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0347 
Expctd 2.8513 
Mitocox 
carrot Y 
3.4776 
3.4184 
2.9748 
2.9304 
2.8565 
2.7825 
2.6938 
2.6494 
2.5903 
2.5311 
2.4720 
ResMS Sum x"2 
0.0004 446.7459 
0.0000 366.2004 
0.0004 17.1095 
0.0007 6.9504 
0.0001 0.0186 
0.0000 5.5868 
0.0000 
0.0000 
0.0001 
0.0002 
0.0000 
0.0021 
0.0002 
28.7686 
47.1095 
78.5640 
118.0186 
165.4731 
1280.5455 
Organism frag(mm) Y=mx+b frag(mm) Stat 
mercenary 40.0000 2.8565 718.5502 within Cl 
52.0000 2.5015 317.3548 
56.0000 2.3832 241.6802 
59.5000 2.2797 190.4254 
rat 40.0000 2.8565 718.5502 
firefly 40.0000 2.8565 718.5502 
SE = Sy .J (1 - r 2 )( n - 1) /( n - 2) 
Sb = 
~Re sidua!MS IL x2 
t = Slope I Sb 
CI = t(SE ) 
Regression y = -0.0296x + 4.0395 
R2 = 0.9981 
i iiE r----~-- -:-----.. ~ .- ... ~ -1 
0.0000 , 
0 10 20 30 40 50 60 
Migration 
7 
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Figure 2.15 Mitocox 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) 
Y=mx+b frag(mm) Stat 
3147 7.5 3.4979 3.4279 0.0049 373.1921 
mercenary 26.5000 2.8619 727.6162 within Cl 
2647 8.5 3.4228 3.3981 0.0006 335.5558 
39.0000 2.4895 308.7012 
900 21 2.9542 3.0257 0.0051 33.8512 
43.0000 2.3704 234.6290 
800 23 2.9031 2.9662 0.0040 14.5785 
48.0000 2.2214 166.5084 
700 26 2.8451 2.8768 0.0010 0.6694 
54.0000 
600 28.5 2.7782 2.8023 0.0006 2.8285 
cerevisiae 38.0000 
500 
450 
400 
350 
300 
Mean 
Slope 
lntrcpt 
SE 
32 2.6990 
33.5 2.6532 
36 2.6021 
38 2.5441 
41 2.4771 
26.8182 2.8524 
-0.0298 
3.6513 
0.0466 
Sb 0.0013 
t.05(2),9 2.2620 
Cl 0.1055 
Expctd 2.8513 
9f'£?A·,·):,,, 
'~NoDNA 
blank 
5X cerevisiae 
1 X cerevisiae 
.2X cerevisiae 
No Taq 
Ladder 
No DNA 
. 5X mercenary 
1X mercenary 
.2X mercenary 
No Taq 
2.6981 
2.6534 
2.5789 
2.5193 
2.4300 
0.0000 26.8512 
0.0000 44.6467 
0.0005 84.3058 
0.0006 125.0331 
0.0022 201.1240 
0.0196 1242.6364 
0.0022 
r------;===========i SE = Sy .J (1 - r 2 )( n - 1) /( n 2 ) 
Sb = ~Re sidualMS I L x 2 
t = Slope I Sb 
Cl = t ( SE ) 
Regression y = -0.0298x + 3.6
513 
R2 = 0.9826 
4.0000 -~~1 _g- 3 j '.9lt $ $ t I - •· I - t I .. -· 
Cl 2.0000 +- -----------------
-1 -
0 
...J 1.0000 +------------------
! 
0.0000 _,__ _____________ __, 
0 10 20 30 40 50 
Migration(mm) 
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Figure 3.0 
Ladder 
3147 
2647 
900 
800 
700 
600 
500 
450 
400 
350 
300 
Mean 
Slope 
lntrcpt 
SE 
Sb 
t.05(2),9 
Cl 
Expctd 
(mm) 
6 
8 
19 
20 
22 
24 
28 
29 
31 
33 
35 
23.1818 
-0.0349 
3.6605 
0.0436 
0.0014 
2.2620 
0.0985 
2.6532 
n 
a 
I 
u 
Log(bp) 
3.4979 
3.4228 
2.9542 
2.9031 
2.8451 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
2.8524 
N 
Analu 
carrot Y ResMS 
3.4513 0.0022 
3.3816 0.0017 
2.9982 0.0019 
2.9633 0.0036 
2.8936 0.0024 
2.8239 0.0021 
2.6845 0.0002 
2.6496 0.0000 
2.5799 0.0005 
2.5102 0.0011 
2.4405 0.0013 
0.0171 
0.0019 
Sum x11.2 Organism frag(mm) Y=mx+b frag(mm) Stat 
295.2149 rat 29.0000 2.6496 446.2949 
within Cl 
230.4876 
17.4876 
10.1240 
1.3967 
SE = Sy .J (1 - r 2 )( n - l ) /( n - 2 ) 
0.6694 Sb = ~Re sidua!MS IL x2 23.2149 
33.8512 
61.1240 t = Slope I Sb 
96.3967 
139.6694 CI = t(SE) 
909.6364 
Regression y = -0.0349x + 3.6605 
R2 = 0.9848 
0 10 20 30 40 
Migration(mm) 
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Figure 3.1 Analu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism fra
g(mm) Y=mx+b frag(mm) Stat 
3147 11 3.4979 3.4801 0.0003 478.01
86 rat 41.0000 2.6188 415.7442 with
in Cl 
2647 
900 
800 
700 
600 
500 
450 
400 
350 
300 
250 
Mean 
Slope 
lntrcpt 
SE 
14 3.4228 3.3940 0.0008 355.8368 salmo
n 29.0000 2.9634 
2.9634 
919.0737 
919.0737 
28 2.9542 
30 2.9031 
32.5 2.8451 
35 2.7782 
38 2.6990 
40 2.6532 
42 2.6021 
44 2.5441 
47 2.4771 
2.3979 
32.8636 2.8524 
.Q.0287 
3.7960 
0.0243 
Sb 0.0007 
t.05(2),9 2.2620 
Cl 0.0550 
Expctd 2.6532 
2.9921 
2.9346 
2.8629 
2.7911 
2.7050 
2.6475 
2.5901 
2.5327 
2.4466 
3.7960 
0.0014 
0.0010 
0.0003 
0.0002 
0.0000 
0.0000 
0.0001 
0.0001 
0.0009 
1.9544 
0.0053 
0.0006 
23.6550 
8.2004 
0.1322 
4.5640 
26.3822 
50.9277 
83.4731 
124.0186 
199.8368 
1080.0186 
1355.0455 
mercenary 29.0000 
SE = Sy .JO - r 2 )( n - l) /( n 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
1I x2 
2) 
Regression y = -0.0287x + 3.796 
R2 = 0.9953 
B: ::~~~~ r----___ ... "" :"!'. ~"""--::; ... -_ ---..... ~ .. -.:~--.;-ij.~-•• •• ~-~~-;.~~i 
ci 2.0000 -+--------------------
--l 
0 
...J 1.0000 -+--------------------
--l 
0.0000 -+-------------------1
 
0 10 20 30 40 50 
Migration(mm) 
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Figure 3.2 Analu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=m
x+b frag(mm) Stat 
3147 18 3.4979 3.4662 0.0010 474.0517 ra
t 47.0000 2.6487 445.3433 within Cl 
2647 
900 
800 
700 
600 
500 
450 
400 
350 
300 
Mean 
Slope 
lntrcpt 
SE 
Sb 
t.05(2),9 
Cl 
Expctd 
20 
35 
37 
39 
42 
3.4228 3.4098 0.0002 390.9607 saxatilis 39.0000 
2.8742 
2.6628 
2.8742 
2.6910 
748.5251 
460.0334 
748.5251 
490.8834 
2.9542 2.9870 0.0011 22. 7789 46.5000 
2.9031 2.9306 0.0008 7.6880 compressa 39.0000 
2.8451 2.8742 0.0008 0.5971 45.5000 
2.7782 2.7896 0.0001 4.9607 
45 2.6990 
47 2.6532 
49 2.6021 
51.5 2.5441 
54 2.4771 
39.7727 2.8524 
-0.0282 
3.9736 
0.0242 
0.0006 
2.2620 
0.0548 
2.6532 
2.7051 
2.6487 
2.5923 
2.5218 
2.4514 
0.0000 
0.0000 
0.0001 
0.0005 
0.0007 
0.0053 
0.0006 
27.3244 
52.2335 
85.1426 
137.5289 
202.4153 
1405.6818 
SE = Sy .J (1 - r 2 )( n - I ) /( n 2 ) 
Sb = ~Re sidualMS IL x 2 
t = Slope I Sb 
CI = t( SE ) 
Regression y = -0.0282x + 3.9736
 
R2 = 0.9953 
! ~I::: J------~------~_-_-__ ._._._-_,_._._._._ .. _----1--1 
_3 1.0000 +---------------------1 
0.0000 +-----,----,-----,----,----,------; 
0 10 20 30 40 50 60 
Migration(mm) 
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Figure 3.23 
Ladder (mm) Log(bp) 
3147 16 3.4979 
2647 18 3.4228 
900 34 2.9542 
800 36 2.9031 
700 38 2.8451 
600 41 2.7782 
500 44 2.6990 
450 46 2.6532 
400 47.5 2.6021 
350 50 2.5441 
300 52.5 2.4771 
Mean 38.4545 2.8524 
Slope -0.0277 
lntrcpt 3.9193 
SE 0.0155 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0350 
Expctd 2.6532 
Analu 
carrot Y 
3.4754 
3.4199 
2.9760 
2.9205 
2.8650 
2.7818 
2.6986 
2.6431 
2.6015 
2.5321 
2.4628 
ResMS 
0.0005 
0.0000 
0.0005 
0.0003 
0.0004 
0.0000 
0.0000 
0.0001 
0.0000 
0.0001 
0.0002 
0.0022 
0.0002 
Sum xA2 
504.2066 
418.3884 
19.8430 
6.0248 
0.2066 
6.4793 
30.7521 
56.9339 
81.8202 
133.2975 
197.2748 
1455.2273 
Organism frag(mm) Y=mx+b frag(mm) Stat 
rat 46.0000 2.6431 439.6275 within Cl 
elegans 21.5000 3.3228 2102.8421 
SE = Sy .J (I - r 2 )( n - l ) /( n 2) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
Regression 
1 I x2 
y = -0.0277x + 3.9193 
R2 = 0.9981 
I i~!t :======== ... =====~=--=~--·=·=·=-=· =-·=· ·=·=~===-=·-=-J 
0.0000 +---~--~-~--~--~==-----!· 
0 10 20 
79 
30 
Migration 
40 50 60 
Figure 3.31 
Ladder (mm) Log(bp) 
3147 26.0 3.4979 
2647 28.0 3.4228 
900 45.0 2.9542 
800 47.0 2.9031 
700 50.0 2.8451 
600 53.0 2.7782 
500 55.0 2.6990 
450 57.0 2.6532 
400 
350 
300 
Mean 45.1250 2.9692 
Slope -0.0269 
lntrcpt 4.1823 
SE 0.0150 
Sb 0.0005 
t.05(2),9 2.2620 
Cl 0.0339 
Expctd 2.6532 
Analu 
carrot Y 
3.4833 
3.4296 
2.9725 
2.9188 
2.8381 
2.7575 
2.7037 
2.6499 
ResMS 
0.0002 
0.0000 
0.0003 
0.0002 
0.0000 
0.0004 
0.0000 
0.0000 
0.0013 
0.0002 
Sum x11.2 
365.7656 
293.2656 
0.0156 
3.5156 
23.7656 
62.0156 
97.5156 
141.0156 
986.8750 
Organism frag(mm) Y=mx+b frag(mm) Stat 
rat 57.0000 2.6499 446.6140 within Cl 
vibrio 51.0000 2.8112 647.4926 
SE = Sy -J(l - r 2 )( n - l) /( n 2) 
Sb = ~Re sidua!MS 
t = Slope I Sb 
CI = t( SE ) 
Regression 
1 I x2 
y = -0.0269x + 4.1823 
R2 = 0.9981 
~::::r··-·----... ~-- -~~:.: I 
-' 1.0000 +-------------------, 
0.0000 +---~--~--~-~--~----, 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 
Migration(mm) 
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Figure 3.32 Analu 
Ladder (mm) 
3147 19.0 
2647 21.0 
900 
800 
700 
600 
500 
450 
400 
350 
300 
40.0 
42.0 
45.0 
47.5 
50.0 
52.5 
54.5 
56.5 
59.0 
Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat
 
3.4979 3.4857 0.0001 638.7107 rat 53.0000 
2.6337 430.2699 within Cl 
3.4228 3.4356 0.0002 541.6198 firefly 42.0000 
2.9094 811.6574 
2.9542 2.9595 
2.9031 2.9094 
2.8451 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
2.8342 
2.7716 
2.7089 
2.6463 
2.5962 
2.5460 
2.4834 
0.0000 18.2562 
0.0000 5.1653 
0.0001 0.5289 
0.0000 10.4153 
0.0001 32.8017 
0.0000 67.6880 
0.0000 104.5971 
0.0000 149.5062 
0.0000 216.8926 
48.0000 
51.0000 
elegans 27.0000 
35.0000 
38.0000 
40.0000 
46.0000 
Mean 
Slope 
lntrcpt 
SE 
44.2727 2.8524 
-0.0251 
0.0008 
0.0001 
1786.1818 
mercenary 41.0000 
52.0000 
compressa 43.5000 
51.0000 
2.7590 
2.6839 
3.2852 
3.0848 
3.0096 
2.9595 
2.8091 
2.9344 
2.6588 
2.8718 
2.6839 
574.1537 
482.8985 
1928.5647 
1215.5554 
1022.3567 
910.9354 
644.3814 
859.8648 
455.8253 
744.3661 
482.8985 
SE = Sy ..J ( 1 - r 2 )( n - 1 ) /( n - 2 ) 
3.9618 
0.0092 
Sb 0.0002 
t.05(2),9 2.2620 
Cl 0.0209 
Expctd 2.6532 
0.0 
81 
Sb = .JRe sidua!MS 
Slope I Sb t = 
CI 
10.0 
t(SE ) 
Regression 
20.0 30.0 
Migration(mm) 
40.0 
IL x2 
y = -0.0269x + 4.1823 
R2 = 0.9981 
50.0 60.0 
Figure 3.33 Analu 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=m
x+b frag(mm) Stat 
3147 24 3.4979 3.4931 0.0000 600.2500 rat 
56.0000 2.6563 453.1962 within Cl 
2647 26 3.4228 3.4408 0.0003 506.2500 salm
on 43.5000 2.9832 962.0165 
900 44.5 2.9542 2.9570 0.0000 16.0000 saxa
tilis 48.0000 2.8655 733.6685 
800 47 2.9031 2.8917 0.0001 2.2500 
700 49 2.8451 2.8393 0.0000 0.2500 
600 52.5 2.7782 2.7478 0.0009 16.0000 
500 54.5 2.6990 2.6955 0.0000 36.0000 SE = Sy .J (1 - r 2 )( n - 1) /( n 2) 
450 56 2.6532 2.6563 0.0000 56.2500 
400 58 2.6021 2.6040 0.0000 90.2500 Sb = ~Re sidualMS IL x2 
350 60 2.5441 2.5517 0.0001 132.2500 
300 62 2.4771 2.4994 0.0005 182.2500 t = Slope I Sb 
Mean 48.5000 2.8524 0.0020 1638.0000 CI = t(SE) 
Slope -0.0262 0.0002 
lntrcpt 4.1208 
SE 0.0150 Regression y = -0.
0269x + 4.1823 
Sb 0.0004 
R2 = 0.9981 
t.05(2),9 2.2620 4.0000 
Cl 0.0339 --
Expctd 2.6532 
a. 3.0000 ~-......... 
.c 
c, 2.0000 
0 
...J 1.0000 
0.0000 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 
Migration(mm) 
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Figure 4.10 
Ladder (mm) Log(bp) 
3147 7.5 3.4979 
2647 8.5 3.4228 
900 21 2.9542 
800 23 2.9031 
700 26 2.8451 
600 28.5 2.7782 
500 32 2.6990 
450 · 33.5 2.6532 
400 36 2.6021 
350 38 2.5441 
300 41 2.4771 
Mean 26.8182 2.8524 
Slope -0.0298 
lntrcpt 3.6513 
SE 0.0466 
Sb 0.0013 
t.05(2),9 2.2620 
Cl 0.1055 
Expctd 2.5694 
DNA 
blank 
5X cerevisiae 
1X cerevisiae 
.2X cerevisiae 
No Taq 
Ladder 
No DNA 
. 5X mercenary 
1X mercenary 
.2X mercenary 
No Taq 
HHF1 
carrot Y 
3.4279 
3.3981 
3.0257 
2.9662 
2.8768 
2.8023 
2.6981 
2.6534 
2.5789 
2.5193 
2.4300 
ResMS Sum x"'2 Organism frag(mm) Y=mx+b frag(mm) Stat 
0.0049 373.1921 cerevisiae 36.5000 2.5640 366.4469
 within Cl 
0.0006 335.5558 
0.0051 33.8512 SE = Sy .J (1 - r 2 )( n - 1 ) /( n - 2 ) 0.0040 14.5785 
0.0010 0.6694 
0.0006 2.8285 Sb = ~Re sidualMS ;z: x2 
0.0000 26.8512 
0.0000 44.6467 t = Slope I Sb 
0.0005 84.3058 
0.0006 125.0331 CI = t(SE) 
0.0022 201.1240 
0.0196 1242.6364 
0.0022 
83 
Regression y = -0.0298x + 3.6513 
R2 = 0.9826 
4.oooo 1 .._ .. -·--··--- -· 
.=1 
_g- 3.0000 I . • • • • • • • .. I 
c, 2.0000 ,+... ---------------J. 
0 
-' 1.0000 +-----------------< 
0.0000 +----~--~--~-~----; 
0 10 20 30 40 50 
Migration(mm) 
Figure 4.11 HHF1 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=
mx+b frag(mm) Stat 
3147 20 3.4979 3.4885 0.0001 703.6962 cer
evisiae 58.0000 2.5773 377.8523 within Cl 
2647 22.9 3.4228 3.4190 0.0000 558.2480 
900 41.9 2.9542 2.9634 0.0001 21.4117 SE Sy .J(l - r 2 )( n - 1) /( n - 2) 
800 44 2.9031 2.9130 0.0001 6.3871 
= 
700 46 2.8451 2.8651 0.0004 0.2780 
600 49.5 2.7782 2.7811 0.0000 8.8371 Sb = ~Re sidualMS IL x2 
500 53.5 2.6990 2.6852 0.0002 48.6189 
450 55 2.6532 2.6493 0.0000 71.7871 t = Slope I Sb 
400 57 2.6021 2.6013 0.0000 109.6780 
350 60 2.5441 2.5294 0.0002 181.5144 CI = t( SE ) 
300 62 2.4771 2.4814 0.0000 239.4053 
250 52.5 2.3979 2.7092 0.0969 35.6735 
Mean 46.5273 2.8524 0.0011 1949.8618 
Slope -0.0240 0.0001 
lntrcpt 3.9681 
Regression y = -0.024x + 3.9681 
SE 0.0112 
R2 = 0.999 
Sb 0.0003 I t~ff-- ;- --~ ... -. "' ~ -I t.05(2),9 2.2620 
Cl 0.0254 
Expctd 2.5694 
0 20 40 60 80 
Migration(mm) 
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Figure 4.112 HHF1 
Ladder (mm) Log(bp) carrot Y ResMS Sum x"2 Organism frag(mm) Y"'mx+b frag(
mm) Stat 
3147 13 3.4979 3.4668 0.0010 266.2831 cerevisiae
 37.0000 2.5632 365.7720 within Cl 
2647 15 3.4228 3.3915 0.0010 205.0103 chaos 
42.0000 2.3750 237.1182 
900 25 2.9542 3.0150 0.0037 18.6467 elegans 
18.0000 3.2785 1899.0809 
800 27 2.9031 2.9397 0.0013 5.3740 
42.0000 2.3750 237.1182 
700 
600 
500 
450 
400 
350 
300 
29 
31 
33 
35 
36.5 
38 
40 
2.8451 2.8644 0.0004 0.1012 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
Mean 29.3182 2.8524 
Slope -0.0376 
2.7891 
2.7138 
2.6385 
2.5820 
2.5256 
2.4503 
0.0001 
0.0002 
0.0002 
0.0004 
0.0003 
0.0007 
0.0094 
0.0010 
2.8285 
13.5558 
32.2831 
51.5785 
75.3740 
114.1012 
785.1364 
SE = Sy -J (1 - r 2 )( n - l) /( n 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
1 I x2 
2) 
lntrcpt 3.9562 
SE 0.0323 
Sb 0.0012 
Regression y = -0.0376x + 3.9562 
R2 = 0.9917 
t.05(2),9 2.2620 
Cl 0.0730 
Expctd 2.5694 
: ~m: [-----... ~-----;.-~-~-. ~:-.~ 
..J 1.0000 _,__ ________________ __, 
0.0000 -+-------~----------< 
0 10 20 30 40 50 
Migration(mm) 
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Figure 4.12 HHF1 
Ladder (mm) Log(bp) carrot Y 
31.47 16 3.4979 3.4696 
2647 18 3.4228 3.4166 
900 34 2.9542 2.9923 
800 36.5 2.9031 2.9260 
700 39 2.8451 2.8597 
600 42 2.7782 2.7801 
500 45 2.6990 2.7005 
450 47 2.6532 2.6475 
400 49 2.6021 2.5945 
350 51.5 2.5441 2.5282 
300 54 2.4771 2.4619 
Mean 39.2727 2.8524 
Slope -0.0265 
lntrcpt 3.8939 
SE 0.0200 
Sb 0.0005 
t.05(2),9 2.2620 
Cl 0.0452 
Expctd 2.5694 
ResMS Sum x,.2 Organism frag(mm) Y=mx+b frag(mm) Stat 
0.0008 541.6198 cerevisiae 50.0000 2.5679 369.7827 wit
hin Cl 
0.0000 452.5289 
0.0014 27.8017 SE Sy .J(l - r 2 )( n - 1) /( n - 2) 0.0005 7.6880 = 
0.0002 0.0744 
0.0000 7.4380 Sb = ~Re sidua!MS IL x2 
0.0000 32.8017 
0.0000 59.7107 t = Slope I Sb 
0.0001 94.6198 
0.0003 149.5062 CI = t( SE ) 
0.0002 216.8926 
0.0036 1590.6818 
0.0004 
86 
Regression y = -0.0265x + 3.8939 
R2 = 0.9968 
? H::: I---~---... ----- ·- • • • '• e • ._. --~I 
_9 1.0000 +~-----------------<-
0.0000 +-----,---,---,-----,----,---..; 
0 10 20 30 40 50 60 
Migration(mm) 
Figure 4.13 HHF1 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx
+b frag(mm) Stat 
3147 16 3.4979 3.4830 0.0002 450.5971 cerevisiae 
47.0000 2.5621 364.8335 within Cl 
2647 18 3.4228 3.4236 0.0000 369.6880 vibrio 
32.0000 3.0077 1017.9266 outside Cl 
900 33 2.9542 2.9780 0.0006 17.8698 
37.0000 2.8592 723.0626 outside Cl 
800 35 2.9031 2.9186 0.0002 4.9607 
700 37.5 2.8451 2.8443 0.0000 0.0744 SE Sy .J (1 - r 2 )( n - 1) /( n - 2) 
600 40 2.7782 2.7701 0.0001 7.6880 
500 42.5 2.6990 2.6958 0.0000 27.8017 
~Re iI 450 44 2.6532 2.6512 0.0000 45.8698 Sb = sidualMS x2 
400 46 2.6021 2.5918 0.0001 76.9607 
350 47.5 2.5441 2.5472 0.0000 105.5289 t = Slope I Sb 
300 50 2.4771 2.4730 0.0000 163.1426 
Mean 
CI = t(SE) 
37.2273 2.8524 0.0012 1270.1818 
Slope -0.0297 0.0001 
lntrcpt 3.9584 y = -0.0297x + 3.958
4 
SE 0.0117 
Regression 
R2 = 0.9989 
Sb 0.0003 
t.05(2),9 2.2620 i gm r----- -.. -----;. · -.. ~ .... --1 
Cl 0.0265 
Expctd 2.5694 
0.0000 
0 10 20 30 40 50 60 
Migration 
87 
Figure 4.14 HHF1 
Ladder (mm) Log(bp) carrot Y 
3147 13 3.4979 3.4779 
2647 15 3.4228 3.4124 
900 28 2.9542 2.9865 
800 30 2.9031 2.9209 
700 32 2.8451 2.8554 
600 34 2.7782 2.7899 
500 37 2.6990 2.6916 
450 38 2.6532 2.6588 
400 40 2.6021 2.5933 
350 42 2.5441 2.5278 
300 44 2.4771 2.4622 
Mean 32.0909 2.8524 
Slope -0.0328 
lntrcpt 3.9038 
SE 0.0175 
Sb 0.0005 
t.05(2),9 2.2620 
Cl 0.0396 
Expctd 2.5694 
"' 
ResMS SumxA2 
0.0004 364.4628 
0.0001 292.0992 
0.0010 16.7355 
0.0003 4.3719 
0.0001 0.0083 
0.0001 3.6446 
0.0001 24.0992 
0.0000 34.9174 
0.0001 62.5537 
0.0003 98.1901 
0.0002 141.8264 
0.0028 1042.9091 
0.0003 
Organism frag(mm) Y=mx+b frag(mm) Stat 
cerevisiae 41.0000 2.5605 363.5220 within Cl 
elegans 44.0000 2.4622 289.8946 outside Cl 
SE = Sy .J (1 - r 2 )( n - 1 ) /( n - 2 ) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE) 
Regression 
iI x2 
y = -0.0328x + 3.9038 
R2 = 0.9975 
i ~r~w-- -- ~ -- --- ·: · .-.~ .. J 
0 10 20 30 40 50 
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Figure 5.0 Bactoribo 
Ladder (mm) Log(bp) carrot Y ResMS 
3147 10.0 3.4979 3.4452 0.0028 
2647 11.5 3.4228 3.4002 0.0005 
900 24.5 2.9542 3.0105 0.0032 
800 26.5 2.9031 2.9505 0.0023 
700 28.5 2.8451 2.8906 0.0021 
600 31.5 2.7782 2.8006 0.0005 
500 35.0 2.6990 2.6957 0.0000 
450 37.0 2.6532 2.6358 0.0003 
400 39.0 2.6021 2.5758 0.0007 
350 41.0 2.5441 2.5158 0.0008 
300 43.0 2.4771 2.4559 0.0005 
Mean 29.7727 2.8524 0.0135 
Slope -0.0300 0.0015 
lntrcpt 3.7450 
SE 0.0388 
Sb 0.0011 
t.05(2),9 2.2620 
Cl 0.0877 
Expctd 2.9031 
Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
390.9607 coli 27.0000 2.9355 862.0785 within Cl 
333.8926 elegans 27.0000 2.9355 862.0785 
27.8017 mercenary 27.0000 2.9355 862.0785 
10.7107 
1.6198 SE = Sy .J (l - r 2 )( n - 1 ) /( n - 2 ) 
2.9835 
27.3244 Sb = ~Re sidualMS IL x2 52.2335 
85.1426 
126.0517 t = Slope I Sb 
174.9607 
CI 
1233.6818 
Regression 
4.0000 
3.0000 
C. 
J:I 
ci 2.0000 
0 
...J 1.0000 
0.0000 
0.0 
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= t(SE) 
10.0 20.0 
y = -0.03x + 3.745 
R2 = 0.9879 
30.0 40.0 50.0 
Migration(mm) 
C 
Figure 5.1 
Ladder (mm) Log(bp) 
3147 21.0 3.4979 
2647 23.0 3.4228 
900 40.0 2.9542 
800 42.0 2.9031 
700 44.5 2.8451 
600 47.0 2.7782 
500 50.0 2.6990 
450 52.0 2.6532 
400 53.5 2.6021 
350 55.0 2.5441 
300 57.0 2.4771 
Mean 44.0909 2.8524 
Slope -0.0275 
lntrcpt 4.0661 
SE 0.0124 
Sb 0.0003 
t.05(2),9 2.2620 
Cl 0.0280 
Expctd 2.9031 
Bactoribo 
carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
3.4880 0.0001 533.1901 vibrio 42.0000 2.9100 812.
7885 within Cl 
3.4330 0.0001 444.8264 compressa 42.0000 2.9100 812
.7885 
2.9650 0.0001 16.7355 saxatilis 42.0000 2.9100 812.
7885 
2.9100 0.0000 4.3719 phontinus 42.0000 2.9100 812
.7885 
2.8412 0.0000 0.1674 
2.7723 0.0000 8.4628 
2.6898 0.0001 34.9174 
2.6347 0.0003 62.5537 
SE = Sy .J (1 - r 2 )( n - I) /( n - 2 ) 
2.5934 0.0001 88.5310 
2.5521 0.0001 119.0083 IL x2 
2.4971 0.0004 166.6446 
0.0014 1479.4091 
Sb = ~Re sidualMS 
t = Slope I Sb 
0.0002 CI = t(SE ) 
Regression y = -0.0275x + 4.0661 
R2 = 0.9988 
_g- ::~~~~ E-·· ----· ~ .. - -~·-· ·- . • .. • • •• ~• 
c: 2.0000 
0 
..1 1.0000 -;--------------------1 
0.0000 +--~--~--~-~--~----! 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 
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Figure 5.3 
Ladder (mm) 
3147 17 
2647 19 
900 36 
800 37.5 
700 40 
600 42.5 
500 46 
450 48 
400 49.5 
350 51 
300 52.5 
Mean 39.9091 
Slope -0.0276 
lntrcpt 3.9555 
SE 0.0160 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0363 
Expctd 2.9031 
Log(bp) 
3.4979 
3.4228 
2.9542 
2.9031 
2.8451 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
2.8524 
Bactoribo 
carrot Y 
3.4856 
3.4304 
2.9605 
2.9190 
2.8499 
2.7808 
2.6841 
2.6288 
2.5873 
2.5459 
2.5044 
ResMS 
0.0002 
0.0001 
0.0000 
0.0003 
0.0000 
0.0000 
0.0002 
0.0006 
0.0002 
0.0000 
0.0007 
0.0023 
0.0003 
Sum xA2 
524.8264 
437.1901 
15.2810 
5.8037 
0.0083 
6.7128 
37.0992 
65.4628 
91.9855 
123.0083 
158.5310 
1465.9091 
Organism frag(mm) Y=mx+b frag(mm) Stat 
coli 37.0000 2.9328 856.7080 within Cl 
cerevisiae 37.0000 2.9328 856.7080 
mercenary 37.0000 2.9328 856.7080 
3.9555 9026.7671 
SE = Sy .J(l - r 2 )( n - 1) /( n 2) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t ( SE ) 
Regression 
(I x2 
y = -0.0276x + 3.9555 
R2 = 0.9979 
~ ~~i i----- ... --·----" : ' " ... ---J 
0 10 20 
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30 
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Figure 5.4 
Ladder (mm) Log(bp) 
3147 18 3.4979 
2647 20 3.4228 
900 36 2.9542 
800 38 2.9031 
700 40 2.8451 
600 43.5 2.7782 
500 45.5 2.6990 
450 48 2.6532 
400 50 2.6021 
350 52 2.5441 
300 54 2.4771 
Mean 40.4545 2.8524 
Slope -0.0278 
lntrcpt 3.9774 
SE 0.0164 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0371 
Expctd 2.9031 
Bactoribo 
carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
3.4768 0.0004 504.2066 coli 39.0000 2.8929 781.
3959 within Cl 
3.4212 0.0000 418.3884 
2.9763 0.0005 19.8430 SE Sy .J (1 - r 2 )( n - l ) /( n 2) 
2.9207 0.0003 6.0248 = 
2.8651 0.0004 0.2066 
2.7677 0.0001 9.2748 Sb = ~Re sidualMS iI x2 
2.7121 0.0002 25.4566 
2.6426 0.0001 56.9339 t = Slope I Sb 
2.5870 0.0002 91.1157 
2.5314 0.0002 133.2975 CI = t(SE ) 
2.4758 0.0000 183.4793 
0.0024 1448.2273 
0.0003 
92 
Regression y = -0.0278x + 3.9774 
R2 = 0.9978 
i rn~~E I"--~~ _, ... -· ··----" ~ • e • • •• i ... -11 
...J 1.0000 ;--------------------<· 
0.0000 +--------------~--
0 10 20 30 40 50 60 
Migration 
Figure 6.0 Nrd 
Ladder (mm) Log(bp) carrot Y 
3147 10.0 3.4979 3.4565 
2647 11.5 3.4228 3.4114 
900 25.0 2.9542 3.0055 
800 27.0 2.9031 2.9454 
700 30.0 2.8451 2.8552 
600 32.0 2.7782 2.7950 
500 35.0 2.6990 2.7048 
450 37.5 2.6532 2.6296 
400 39.0 2.6021 2.5845 
350 41.0 2.5441 2.5244 
300 43.0 2.4771 2.4643 
Mean 30.0909 2.8524 
Slope -0.0301 
lntrcpt 3.7572 
SE 0.0300 
Sb 0.0009 
t.05(2),9 2.2620 
Cl 0.0678 
Expctd 3.0792 
ResMS Sum x"2 Organism frag(mm) Y=mx+b frag(mm) Stat 
0.0017 403.6446 coli 21.0000 3.1258 1335.8772 within
 Cl 
0.0001 345.6219 
0.0026 25.9174 SE Sy -J (1 - r 2 )( n - l ) /( n - 2 ) 0.0018 9.5537 = 
0.0001 0.0083 
0.0003 3.6446 Sb = ~Re sidua!MS IL x2 
O.OOOQ 24.0992 
0.0006 54.8946 t = Slope I Sb 0.0003 79.3719 
0.0004 119.0083 Cl = t(SE) 
0.0002 166.6446 
0.0081 1232.4091 
0.0009 
93 
Regression y = -0.0301x + 3.7572 
R2 = 0.9928 
4.0000 ·1 -~--~- ~-~· ~-~·-···· 
a. 3.0000 t----= ...... -......::;:~-""1 
..c 
c, 2.0000 +-------------1 
0 
..J 1.0000 ;------------i 
0.0000 +----.------,----1 
0.0 20.0 40.0 60.0 
Migration(mm) 
Figure 6.1 Nrd 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx+b frag
(mm) Stat 
3147 18.0 3.4979 3.4283 0.0048 448.6694 coli 
32.0000 3.0477 1116.0070 within Cl 
2647 20.0 3.4228 3.3739 0.0024 367.9421 elegans 
32.0000 3.0477 1116.0070 
900 36.0 2.9542 2.9389 0.0002 10.1240 
800 
700 
600 
500 
450 
400 
350 
300 
38.0 
40.0 
32.5 
45.5 
48.0 
49.5 
51.0 
52.5 
2.9031 2.8846 
2.8451 2.8302 
2. 7782 3.0341 
2.6990 2.6807 
2.6532 2.6127 
2.6021 2.5719 
2.5441 2.5311 
2.4771 2.4904 
Mean 39.1818 2.8524 
Slope -0.0272 
lntrcpt 3.9176 
SE 0.0924 
0.0003 1.3967 
0.0002 0.6694 
0.0655 44.6467 
0.0003 39.9194 
0.0016 77.7603 
0.0009 106.4649 
0.0002 139.6694 
0.0002 177.3740 
0.0768 
0.0085 
1414.6364 
SE = Sy -J (1 - r 2 )( n - l) /( n - 2 ) 
Sb = ~Re sidua!MS I L x 2 
t = Slope I Sb 
CI = t( SE ) 
Regression y = -0.0272x + 3.9176 
R2 = 0.9316 
Sb 0.0025 
t.05(2),9 2.2620 
Cl 0.2089 
Expctd 3.0792 
1 ~~~~~ r---:- -;~: .. ~ -1 
0.0 10.0 20.0 30.0 40.0 50.0 60.0 
Migration(mm) 
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Figure 6.2 
Ladder {mm) 
3147 12 
2647 14 
900 
800 
700 
600 
500 
450 
400 
350 
300 
27 
29 
31 
33 
36 
38 
39.5 
41.5 
43.5 
Nrd 
Log{bp) carrot Y ResMS Sum xA2 Organism frag{mm) Y=mx+b frag{mm) Stat 
3.4979 3.4723 0.0007 373.1921 coli 23.0000 3.1193 1316.2416 within Cl 
3.4228 3.4081 0.0002 299.9194 
2.9542 2.9910 0.0013 18.6467 
2.9031 2.9268 0.0006 5.3740 
2.8451 2.8626 0.0003 0.1012 
2.7782 2.7985 0.0004 2.8285 
2.6990 2.7022 0.0000 21.9194 
2.6532 2.6380 0.0002 44.6467 
2.6021 2.5899 0.0001 66.9421 
2.5441 2.5257 0.0003 103.6694 
2.4771 2.4615 0.0002 148.3967 
SE = Sy -J (1 - r 2 )( n - I ) /( n - 2 ) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t( SE ) 
IL x2 
Mean 
Slope 
lntrcpt 
SE 
31.3182 2.8524 
-0.0321 
0.0045 
0.0005 
1085.6364 
Sb 
t.05(2),9 
Cl 
Expctd 
C. 
3.8574 
0.0223 
0.0007 
2.2620 
0.0504 
3.0792 
95 
Regression y = -0.0321x + 3.8574 
R2 = 0.996 
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Figure 6.3 Nrd 
Ladder (mm} Log(bp} carrot Y ResMS Sum x112 Organism frag(mm} Y=mx+b frag(mm} Stat 
3147 6 3.4979 3.4574 0.0016 312.6467 coli 15.0000 3.1494 1410.7332 within Cl 
2647 8 3.4228 3.3889 0.0011 245.9194 
900 
800 
700 
600 
500 
450 
400 
350 
300 
19 
21 
23 
25 
28 
30 
31.5 
33 
36 
2.9542 3.0126 0.0034 21.9194 
2.9031 2.9442 0.0017 7.1921 
2.8451 2.8758 0.0009 0.4649 
2.7782 2.8073 0.0009 1.7376 
2.6990 2.7047 0.0000 18.6467 
2.6532 2.6363 0.0003 39.9194 
2.6021 2.5849 0.0003 61.1240 
2.5441 2.5336 0.0001 86.8285 
2.4771 2.4310 0.0021 151.7376 
Mean 23.6818 2.8524 0.0125 948.1364 
Slope -0.0342 0.0014 
lntrcpt 3.6626 
SE 0.0373 
SE = Sy .J (1 - r 2 )( n - 1 ) /( n - 2 ) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
Regression 
IL x2 
y = -0.0342x + 3.6626 
R2 = 0.9888 
Sb 0.0012 
t.05(2),9 2.2620 
Cl 0.0844 
Expctd 3.0792 
} rn~ f.. ---~ ~-. · · .. · ~ l 
0.0000 +l-----.,----------,------.,------1-
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LJ 
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Figure 7.0 
Ladder (mm) Log(bp} 
3147 19.5 3.4979 
2647 21.0 3.4228 
900 38.5 2.9542 
800 40.5 2.9031 
700 43.0 2.8451 
600 46.0 2.7782 
500 50.0 2.6990 
450 51.0 2.6532 
400 53.0 2.6021 
350 55.0 2.5441 
300 57.0 2.4771 
Mean 43.1364 2.8524 
Slope -0.0263 
lntrcpt 3.9849 
SE 0.0169 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0383 
Expctd 2.8451 
j.4j( &iii 
It .2X eleg 
:..1X cerevis 
~ .2X cerevis 
s 1X chaos"" 
, .2X chaos 
~ Ladder 
1X coli 
... .2X coli 
" 0 1 X fischerL 
o. 2X fische)t 
No Ta 
Lux 
carrot Y 
3.4730 
3.4336 
2.9741 
2.9216 
2.8560 
2.7772 
2.6722 
2.6460 
2.5935 
2.5410 
2.4885 
ResMS Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
0.0006 558.6777 vibrio 43.0000 2.8560 717.8009 within Cl 
0.0001 490.0186 
0.0004 21.4959 
0.0003 6.9504 Sy ,J (1 - r 2 )( n - 1 ) /( n - 2 ) 0.0001 0.0186 SE = 
0.0000 8.2004 
0.0007 47.1095 Sb· = ~Re sidualMS IL x2 
0.0001 61.8368 
0.0001 97.2913 t = Slope I Sb 0.0000 140.7459 
0.0001 192.2004 CI = t( SE ) 
0.0026 1624.5455 
0.0003 
97 
Regression y = -0.0263x + 3.9849 
R2 = 0.9977 
4.0000 l. ,~,·--·, ., ... ~··'- ,,,_ ~· ·;i 
~ ::~~~~ ·1 .. . . .... ;-11 
·...J 1.0000 +-· -----------------l· 
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Migration(mm) 
Figure 7.1 Lux 
Ladder (mm) Log(bp) carrot Y ResMS Sum xA2 Organism frag(mm) Y=mx+b frag(mm) Stat 
3147 20.0 3.4979 3.4747 0.0005 565.1426 vibrio 43.5000 2.8596 723.7076 within Cl 
2647 
900 
800 
700 
600 
500 
450 
400 
350 
300 
22.0 
39.0 
41.0 
43.5 
46.5 
49.5 
52.0 
54.0 
56.0 
58.0 
3.4228 3.4224 0.0000 474.0517 
2.9542 
2.9031 
2.8451 
2.7782 
2.6990 
2.6532 
2.6021 
2.5441 
2.4771 
Mean 43. 7727 2.8524 
Slope -0.0262 
lntrcpt 3.9983 
SE 0.0166 
2.9774 
2.9250 
2.8596 
2.7810 
2.7025 
2.6371 
2.5847 
2.5324 
2.4800 
0.0005 
0.0005 
0.0002 
0.0000 
0.0000 
0.0003 
0.0003 
0.0001 
0.0000 
0.0025 
0.0003 
22.7789 
7.6880 
0.0744 
7.4380 
32.8017 
67.6880 
104.5971 
149.5062 
202.4153 
1634.1818 
SE = Sy .J (1 - r 2 )( n - 1 ) /( n 2) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
IL x2 
Regression y = -0.0262x + 3.9983 
R2 = 0.9978 
Sb 0.0004 
t.05(2),9 2.2620 
Cl 0.0376 
Expctd 2.8451 
j ~~~~~ 1----=-- "I I toa.. ] 
0.0 20.0 40.0 60.0 80.0 
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Figure 7.2 
Ladder 
3147 
2647 
900 
800 
700 
600 
500 
450 
400 
350 
300 
Mean 
Slope 
lntrcpt 
SE 
Sb 
t.05(2),9 
Cl 
Expctd 
(mm) Log(bp) 
19.5 3.4979 
21.5 3.4228 
38 2.9542 
40 2.9031 
43 2.8451 
45 2.7782 
48 2.6990 
50 2.6532 
52 2.6021 
54.5 2.5441 
57 2.4771 
42.5909 2.8524 
-0.0270 
4.0035 
0.0144 
0.0004 
2.2620 
0.0327 
2.8451 
. .2Xli 
1Xsa 
.2Xs 
1Xra 
.2X ra· 
Ladde 
1X salm 
.2X sa/m 
1Xfisch . 
. 2X fisc 
NoL 
Lux 
carrot Y 
3.4765 
3.4224 
2.9765 
2.9224 
2.8414 
2.7873 
2.7062 
2.6522 
2.5981 
2.5306 
2.4630 
ResMS Sum xA2 
0.0005 533.1901 
0.0000 444.8264 
0.0005 21.0764 
0.0004 6.7128 
0.0000 0.1674 
0.0001 5.8037 
0.0001 29.2583 
0.0000 54.8946 
0.0000 88.5310 
0.0002 141.8264 
0.0002 207.6219 
0.0019 1533.9091 
0.0002 
Organism frag(mm) Y=mx+b frag(mm) Stat 
vibrio 42.0000 2.8684 738.5740 within Cl 
SE = Sy -J (1 - r 2 )( n - 1 ) /( n - 2 ) 
Sb = ~Re sidualMS 
t = Slope I Sb 
CI = t(SE ) 
Regression 
IL x2 
y = -o.021x + 4.0035 I 
R2 = 0.9983 
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